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G S N B R A L I N T R O D U C T I O N 
Research developments in the field of the metal 
ferrocyanogen complexes may be traced as far back as the 
fag end of the last century. The areas of knovfledge 
covered since then Include: (i) preparation of a number 
of heavy metal ferrocyanides, especially those belofiging 
to the first transition series, by the method of double 
decomposition, (ii) study of their composition by the 
conventional method of chemical analysis, (iii) application 
of physico-chemical techniques in ascertaining their 
composition as well as in finding their probable use in 
analytical chemistry, (iv) determining the nature of the 
freshly precipitated complex with particular reference 
to properties like adsorption, hydrolysis and tendency to 
pass over to the colloidal state, and (v) the use of the 
modern techniques like amperometry and coulometry in 
studying them. Undoubtedly investigations on these lines 
indicated above have advanced our knowledge considerably 
and many an ambiguities resolved, the fact remains that 
very little has been said about certain aspects of the 
chemistry of ferrocyanogen complexes which appear quite 
trivial and unimportant at the first sight. These aspects 
are? (i) the role of redox potential in the formation of 
these complexes, (ii) their possible existence in solution, 
(iii) decomposition of the complexing agent by small 
amoxints of the reacting metal, (iv) their gel forming 
tendency and (v) the chemical analogy existing between 
the ferrocyanogen complexes on the one hand and the 
. ( 2 ) . 
molybdo and tungsto-cyanogen complexes on the other . 
Before attempting to unfold the i n t r i c a c i e s and 
complexities of these l e s s known problems, i t seems 
worthwhile to give a br ief survey of the l i t e r a t u r e on 
some fami l ia r aspects . 
BarlY Research^ : 
Amongst the early workers mention may be made of 
1 2 
the inves t iga t ions of Mil ler and Albert , who studied the 
coH^josition of the p r e c i p i t a t e obtained by the in t e rac t ion 
of potassium ferrocyanide with z inc , manganese and cadmitim 
s a l t s . 
3 G«C, Stone and Van Inger found tha t the composition 
of the p r e c i p i t a t e with manganese s a l t s varied with the 
medium of the p r e c i p i t a t e . In n e u t r a l medium, the composition 
corresponded to K^  5fa Fe(GN)5 i r r e s p e c t i v e of the excess 
of e i ther of the reac t an ts ; but when the p r e c i p i t a t i o n was 
carr ied out in the cold from a solut ion containing 5^ Hcl 
by volume, the composition changed to K. Mh, (FeCy^), l 
I n t e r e s t i n g observations were made on the change of the 
composition of zinc-ferrocyanide by Miller and DanzierT 
They found t h a t the r a t i o of iron and zinc varied from 
1:1.35 to 1:1,59 under d i f ferent conditions of p r e c i p i t a t i o n , 
Wyrubow^ found t h a t no compound of de f in i t e composition 
of n ickel and cobalt ferrocyanides was formed. The 
composition varied d i f fe ren t ly as KgNi FeCy^j K2Nio(FeCy5)2; 
CogFeGy^ ; K2Co2(FeC^2 5 ^^^^K^^^^Ve'^u ®*°* Barbier i^ 
obtained a complex of the formula NH,FeCy>^2 Mo 0 - ty 
adding potassium ferro-cyanide to ac id i f ied ammonium 
- ( 3 ) -
molybdate and washing the p r e c i p i t a t e with ammonium n i t r a t e 
and ace t a t e . 
Application of physicoAChemtcal methods; 
7 S While studying metal ferrocyanide reac t ion Kolthoff ' 
suggested the importance of potassium ferrocyanide as a 
reagent for the estimation of metal ions, especia l ly z inc . 
by employing conductometric and potentiometrie methods, 
Kolthoff *s work was extended by various worke r s""^ for the 
estimation of Cd**, Fe"^*, Pb*"*", Ag*, e t c . 
Extensive s tud ies in t h i s d i rec t ion were, however, 
taken up from 1946 onwards when a number of workers-*-""^^ 
studied the composition of metal ferrocyanogen complexes 
employing physico-chemical techniques. The complexes s tudied 
were cadmium fer r icyanide , copper f e r r o - and f e r r i cyan ides , 
Prussian and Turnbulls b lues , zinc fe r r icyanide , pruss ian 
green, mercuric and uranyl fer rocyanides , n i c k ^ f e r r i cyan ides , 
Chounyk and Keibs^^, P, Zuman^, Khosla and Gaur and 
' 27 
G,D, Amore had used amperometric t i t r a t i o n in studying 
copper-ferrocyanide, f e r r i c f e r r o - and fe r r i cyan ides , 
manganese, cadmium and s i l v e r fe r r icyanides and the f e r r o -
cyanide complexes of tungsten, Deshmukh * car r ied out 
determination of ferrocyanide with lead n i t r a t e and also 
the volumetric determination of cadmium and cerium by 
potassium ferrocyanide, Moritz Kohu^ r e inves t iga t ed the 
problem of the composition of n ickel and cobalt ferrocyanides 
- ( 4 ) -
and a r r ived at the conclusion t h a t Ni^ FeGyV i s oxidised 
to ferrocyanide by atmospheric oxygen and so a l so t he 
compoun d Go^FeGy,. 
The natxire of t he p r e c i p i t a t e ; 
Attention to the f a c t tha t the heavy metal f e r r o -
and ferr icyanides change t h e i r composition in passing 
from the freshly p r e c i p i t a t e d to the dr ied s t a t e , was 
drav«n by Dhar, Bhattacharya and Ghosh-^-^^ as ear ly as 
1933 while working with Iron b lues . Factors l i k e hydrolys is 
and adsorption and so a lso the c o l l o i d a l na ture of the 
p r e c i p i t a t e s were fotind to influence the con^josition of 
these complexes. Bhattacharya and Bfelik also supported 
t h i s view point on the basis of t h e i r viscoraetric study 
on Prussian and Turnbulls blues and also on the physico-
"56 chemical inves t iga t ions of cobalt^ and other heavy metal 
37 ferrocyanides , 
Although the tendaicy of some of the metal ferrocyanides 
namely the copper-ferrocyanide, prussian and Txirnbulls blues 
to disperse into the co l lo ida l foifm i s well known, systematic 
inves t iga t ions on the co l lo ida l behaviour on metal fer rocya-
nides were lacking for qui te some t ime. Studies in t h i s 
d i rec t ion were f i r s t of a l l taken up by Bhattacharya, Malik 
and Coworkers, These authors carr ied out s tudies on the 
slow coagulation of copper ferrocyanide sol-^ "^ , permeabi l i ty 
- ( 5 ) . 
of ions through cobalt , n i cke l and s i l v e r fe r r icyanide 
Lon 
45 
complexes^-^j so l -ge l transformation of zinc ferrocyanide^^, 
and Prussian and Tumbulls b lues . 
Less fami l ia r aspects of metal-ferrocyanogen in t e rac t ion : 
( i ) Ferrocvangen Complexes of 
C r ( i i and i i i ) . B e ( i i ) and Mb(vi); 
Chromiumt 
These s tudies were I n i t i a t e d by Malik, vAio indepen-
dently and with the co l labora t ion of his s tudents , c leared 
up some h i t h e r t o unknown fac t s of the chemistry of 
ferrocyanogen complexes. Unlike other heavy metal f e r r o -
cyanogen complexes, the i n t e r ac t i on of C r ( i l i ) with 
potassium fe r ro - and fer r icyanides presents ce r ta in 
i n t e r e s t i n g features qui te new in the realm of heavy 
metal f errocyanogen complexes. Thus, Malikr""^® has 
shown t h a t chromic f e r r o - and fe r r icyan ide ex is t in the 
form of soluble complexes, ins tead of the famil iar 
inso lub le ones and tha t these can be s tudied by a va r i e ty 
of physical methods l i k e spectrophotometry, conductometry, 
potentiometry, amperometry e tc , Malik and Abubacker^ »^^ 
a lso inves t iga ted the composition of the product obtained 
by the i n t e r ac t i on of potassium ferrocyanide with chromous 
ch lor ide . On the basis of chemical analysis and from 
the physico-chemical s tudies of the complex, they shovred 
the existence of the complexes having the composition 
-(6). 
KgCr FeCy,, Cr2FeCy^ and K2Cr^(FeGy5)2* The authors were 
of the view that as chromous ferrocyanide complexes are 
endowed with great adsorptive capacity for the constituent 
ions, particularly so for ferrocyanide, their composition 
was greatly influenced by these factors. Chromous ferri-
cyanide complex has recently been investigated in our 
laboratory and the formula assigned are Cr FeCy^ and K^Gr FeGy^ 




For the first time, the reaction between Be(ii) and 
54 55 potassium ferrocyanide was investigated by Malik * "^ employing 
spectrophotometric, conductometric and an^erometric methods. 
The author has ex^ jlained the appearance of the blue colour 
in slightly acidic solution of potassium ferrocyanide in 
presence of beryllium ions on the basis of decomposition 
of potassium, ferrocyanide and the subsequent formation of 
Prussian blue. Conductometric titrations carried out at 
higher temperature have confirmed the existance of adsorption 
complex, K2BeFeCy^,K,FeGy^. 
Molybdenum: 
The only reference worth mentioning in the study of 
ferrocyanogen complexes of Mo(vi) is the work of Pani and Rao^^ 
wh© reported the formation of molybdeniam ferrocyanide in 
the low pH range by the i n t e r ac t i on of potassium ferrocyanide 
vdth molybdic acid. Recently t h i s problem has been taken 
57 
up by Malik' , who ca r r i ed out inves t iga t ions on t h i s compound 
employing physico-choaical methods as well as those of 
chemical analysis found tha t a complex of the type (MoC)^ )^ FeCyx 
was formed by the in te rac t ion of potassium ferrocyanide with 
Mo(vi). He, for the f i r s t t ime, s tudied the in te rac t ion of 
M6(iii) with the potassium ferrocyanide and assigned the 
composition KMo"^ -^'- Fe-^^Cy^. X MoCl on the basis of e l e c t r o -
metric s tudies (vide i n f r a ) . 
Titanium; 
Very little is known about the ferrocyanogen complexes 
of Ti(iii and Iv). Malik (loc. cit.) observed that the 
reaction between titanous chloride and potassium ferricyanide 
III II 
corresponds to the formation of the complexes Ti Fe Cyz 
and Ti Fe Cy, depending on the extent of oxidation of 
Ti * to Ti^ "*" ( vide infra ). He further observed that these 
complexes are highly endowed with both hydrolytic and 
adsorptive properties, which supports the view point of 
58 
H, Tanbe ©n the hydrolytic behaviour of these complexes^ 
The complex formed on adding titanous chloride to potassium 
ferrocyanide was also studied and was found to have Ti Fe"'''^Cy 
. ( g ) . 
Fur the r suppor t t o the work on the fe r rocyanogen complex 
of T i ( i i i ) was found from the amperometric t i t r a t i o n 
between t i t a n i c c h l o r i d e and potass ium f e r r o c y a n i d e , 
( i i ) In f luence of Redox p o t e n t i a l pn t h e 
composit ion of the ferrocyanofeen complexes; 
I n v e s t i g a t i o n s on the composi t ion of ferrocyanogen 
complexes of C u ( i ) j T i l i i i and i v ) , C r ( i i ) and MhCiii) i n 
t h e l i g h t of redox p o t e n t i a l have been cai*ried out by 
Malik independent ly as w e l l as wi th t h e c o l l a b o r a t i o n of 
59 h i s s t u d e n t s , Malik observed t h a t t h e o x i d a t i o n - r e d u c t i o n 
p o t e n t i a l e x i s t i n g in t h e r e a c t i o n between C u ( i ) , T i ( i l i ) 
or C r ( i i ) and potass ium f e r r i c y a n i d e and t h a t between Mu( i i i ) 
and potassium f e r r o c y a n i d e can be u t i l i s e d to i n t e r p r e t 
t h e composition of t h e s e complexes. The composi t ion of 
cuprous f e r r o c y a n i d e and the cuprous f e r r i c y a n i d e has been 
found t o be K^Cu^ Fe^^ Cy^, KgCu""^ ^ Fe-""-^  Cy^ and K Cug Fe^^ ' cy^ , 
whereas t h e t i t a n i u m f e r r o c y a n i d e may be r e p r e s e n t e d 
«- mj I I I «^I I „ _^ I I I , „ ^ » IV I I 
K Tl Fe Cy^, Ti^ (FeGy^)^, Ti-"^ Fe-""" Cy^ whi l e 
chromous- fe r r i cyan ide r e p r e s e n t e d as Cr , {Fe^"^Cyr)2and 
I I I I Kg^Sr Fe Cy,» The Mt t ( i i i ) -po tass i \ im f e r r o c y a n i d e r e a c t i o n , 
b e s i d e s p rov id ing evidence of t h e e x i s t e n c e of t h e redox 
p o t e n t i a l i n t h e system: Mn '^^ + FeGjrt" > Mn^  •^ + FeCy^~ 
- ( 9 ) -
2 
a lso shows the presence of the canplex anion Mn(So, ) 
in the reac t ion mixture . The various complexes formed 
I I I I I I have been reported to have the compositions as W& Fe Cy^ 
K m?'^'^ Fe^^ Cy^, and Mrf^^ Fe^^'^ Cy^. Malik and Ajmal^^ 
observed that the complex formed by the interaction of 
cobaltic sulphate with potassium ferrocyanide in view of 
high reduction potential of Co(iii) Co(ii) could be 
assigned the composition of the type Co Fe OyM From 
the cobalt(iii)-potassium ferrocyanide reaction, adsorption 
TTT TTT 
complexes of the type 2 Co Fe"^ -^ "^  Cy^, K-FeGy^ and 
TTT 
2 Co FeCy^. 3K- FeCy^ were obtained besides the normal 
complex. Malik and Rizwanul Haque •*• s tudied the i n t e r ac t i on 
of Mo(iii) with potassium fe r r i cyan ide . The composition of 
IV the complex has been assigned as Mo OCy£^  on the bas is of 
redox-potent ia l ex i s t i ng in the system: Mo + FeC^ . ,'/..% 
Mo + FeC)^ during the course of the r eac t ion , 
( i i i ) Cata ly t ic decppippsition of 
metal ferrocvanogen complexes: 
The decomposition of potassium ferrocyanide by ce r t a in 
/in 
metal ions was studied as early as 1940 by Pinter , who 
observed that Hg •^ •'"ions in slightly acid solution catalyses 
the formation of colloidal prussian blue from alkali 
- ( 1 0 ) -
ferrocyanides. S, Asperger^*^, Emschwiller ^*°° and 
67 
Pavlovic carr ied out an extensive inves t igat ion on the 
decomposition of potassium ferrocyanide "by mercxaric ions . 
They have inves t iga ted the k ine t i cs of the react ion between 
potassium ferrocyanide and notrosobenzene catalysed by Hg 
ions . I t was fur ther found tha t ions of other heavy metals , 
which have a close a f f i n i t y for the cyanide ion and which 
can be regenerated in acid so lu t ions , would a lso exhib i t 
c a t a l y t i c ac t ion . Gold and platinum ions were found to 
show t h i s type of mechanism. The increasing order of the 
c a t a l y t i c act ion corresponds to t h e arrangements of these 
metals in the per iodic t a b l e , Pt* <^ Au V^Hg cSap Hgg 
Malik ( loc , c i t . ) has given many evidences for t h e decompo-
s i t i o n of potassium f e r r o - and molybdocyanides by C r ( i i i ) ions 
dtiring the coxorse of his inves t iga t ions on the mechanism 
of the r eac t ion . Very r ecen t ly , Jfelik and Kaphley > on 
the basis of some preliminary work, showed t h a t the decom-
posi t ion was au toca ta ly t i c in na tu re , 
(iv) Sol-gel Transformation of f e r r o -
cyanogen complexest 
The phenomenon of so l -ge l transformation exhibi ted 
by metal ferrocyanogen complexes has received l i t t l e a t t en t ion , 
69.70,71 Bhattacharya and Malik s tudied a number of metal 
ferrocyanide gels including those of prussian and Turnbulls 
blues. Their results revealed that the time of setting was 
highly dependent upon the ratio of the metal to the complexing 
agent.in the reaction mixture. Malik and F,A, Siddiqui' "^ ^ 
studied the sol-gel transformation of the ferro- and ferricya-
nides of Gr (iii). The authors observed that while studying 
the reaction between chromic chloride and potassium ferrocyanide 
at Bo , an insoluble complex, highly viscous in nature and 
showing strong tendency to gelatinise was obtained. The 
authors also studied the variations in viscosity and pH during 
Sol-gel transformation of chromic ferro- and ferricyanide 
and they have concluded that the time at which the abrupt 
change in viscosity occurs may be taken as a measure of time 
of gelation in both the cases. The results on pH measurements 
confirmed the results on viscometric measurements. For the 
different gelatinous mixtures studied, there was a variation 
in pH with time in the beginning and afterwards, the pH 
ronains constant. The time where this constancy is reached 
may be taken as the time when the chromic ferro- and 
ferricyanide particles aggregate to give gel structure^ They 
also carried out the permeability and membrane potential 
experiments with the chromic ferro and ferricyanide gel 
and concluded that the chromic ferro- and ferricyanide 
- ( 1 2 ) . 
t r ea ted membranes gave high membrane po t en t i a l s and low 
permeabili ty values and fur ther the order of permeabil i ty 
v^ as just the revei'se of t h e membrane p o t e n t i a l order . The 
adsorption phenomena of various ^ e c t r o l y t e s (Kci, K2S01 , 
KoFeCy^, K FeCy,, NaCl and NagSo,) were a l so s tudied and 
found tha t the order of the adsorption of various e l e c t r o -
ly tes on chromic f e r r o - and fe r r icyanide membrane was 
jus t the reverse of the order of permeabil i ty and fur ther , 
greater the adsorption of permeating ions on the walls of 
the membrane, smaller would be the r a t e of d i f fus ion . 
75 
Recently Malik and Kaphley'^ ca r r i ed out some inves -
t iga t ion on the co l lo ida l behaviour of Mo(vi)-ferrocyanide 
They prepared Mo(vi) ferrocyanide gel by adding an excess 
of highly Concentrated solut ion of potassium ferrocyanide 
to a concentrated solut ion of molybdic acid with constant 
s t i r r i n g and the r e s u l t i n g mixture se t in to a gel af ter 
46 hours. Several proper t ies s tudied during the S9l-gel 
transformation revealed tha t the surface tension showed 
a continuous increase , while the pH remained almost constant 
for about 90 hours, a f t e r which there was a marked decrease 
in the surface tension and an increase in pH. Viscosi ty 
also showed an abnormal r i s e a f te r more or l e s s the same 
oer iod. 
. ( 1 3 ) -
On the roolYbdo- and molvlDdicvanogen 
complexes of some metals; 
A c r i t i c a l study on the proper t ies of a l k a l i 
molybdocyanides and t h e i r metal complexes was, f i r s t of a l l , 
imdertaken in omr labora tory . Pr ior to t h i s , the only work 
worth mentioning i s tha t of Wardlaw and coworkers' who 
besides repeat ing and extending the observations of C h i l e s o t t i ' 
7S 
and Rosenheim and coworkers s tudied the metal complexes 
( s i l ve r , thallitim, copper e t c . ) of potassium molybdocyanide 
by the method of chemical ana lys i s . After a lapse of more 
than t h i r t y years , the problem was exteided and re inves t iga ted 
by ]^ l ik and coworkers. The various new and l e s s famil iar 
aspects vAiich he came across during the study of metal 
ferrocyanogen complexes were inves t iga ted by them. The 
Cr(i i i )-potassi t im molybdocyanide r eac t i on was found to be 
almost s imi la r to the Cr ( i i i ) -po tass ium ferrocyanide. Here 
a soluble complex was obtained whose composition could be 
assigned by spectrophotometric method, * Malik and Aii°-*-
studied the canposition of nickel and cobal t molybdocyanides 
by employing conductometric, potent iometr ic and amperometric 
methods and concluded tha t the composition of the complexes 
could be represented as NipMoCyg, K^Ni MbCyg, CogMoCyg and 
go go 
K Co MoGyg, The authors also studied the iron and CuCi) 
- (14 ) -
complexes of potassiiara molybdo- and molybdicyanide by 
spectrophotometric and potent iometr ic methods with a 
view to determine the influence of the redox p o t e n t i a l 
on the molybdocyanogen complexes. They foiand the compo-
s i t i o n of the complexes as KFe^ -^ *^  Mo Cy^, KFe "^^  Bfo^  ^^8 
// IV I I IV 
Cu2 Mo^  Cyg and KgCu"" Mo"^  Cyg. 
Cotilometric T i t r a t i on : 
Recently, some workers have employed the coulometric 
methods to the study of the composition of metal f e r r o -
and ferricyanogen canplexes. Lingane and Hartley ^ have 
carr ied out the coulometric t i t r a t i o n of zinc with f e r r o -
cyanide. The authors have developed a method for the 
t i t r a t i o n of zinc ions with ferrocyanide ions generated 
by the reduction of fe r r icyanide ion at the platinum 
cathode. The end point was detected potent iometr ica l ly 
with a platinum indicator e l ec t rode . The composition of 
the z inc -p rec ip i t a t e was found to depend on the pH of the 
medium. Over the pH range from about 1 to 3 , i t correspo. 
nded exactly to K2ano(FeGy6)2, but a t higher pH values, 
the p r e c i p i t a t e contains a smaller proportion of f e r r o -
cyanide to z i n c . Thallous ion was t i t r a t e d to t h a l l i c 
oxide in s t rongly a lka l ine meditim by means of f erricyanid« 
-(15)-
ion generated by anodic oxidation of ferrocyanide ion 
at a platinum anode by Hartley and Lingane, Further 
investigation on these lines are expected to give results 
both of theoretical and applied importance* 
Sts^ tement of the Problemt 
The work described in this thesis deals vd.th some 
physico-chemical aspects of ferrocyanogen and molybdo-
cyanogen complexes, vdiich need a more systematic approach 
and further elucidation. Stress has mainly been laid on 
the kinetics of the decomposition of alkali metal ferro-
and molybdocyanogen complexes of heavy metals and the 
confirmation of the earlier result on the composition of 
less familiar complexes by the method of chemical analysis 
coulometric studies also form a part of the present work.• 
The tentative distribution of the various aspects 
studied is as follows: 
1, Composition of the freshly precipitated ferrocyanogen 
complexes by Cr (iii) by chemical analysis 
2, Kinetics of the decomposition of potassium ferro- and 
ferricyanides by chromic ions 
3. The interaction of Be(ii) with potassium ferro- and 
ferricyanides 
4. Composition of the molybdocyanogen complexes by Cr(iii) 
by chemical analysis. 
-^ (16,)* 
5. Kinetics of the decomposition of potassium molybdocyanide 
by Cr(iii), and 
6. Goulometric studies on Be(ii) and Mo(vi) ferrocyanides. 
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G H A P T S R I 
Perrpcvanoje;en complexes of Or ( i j and j j i ) and Be ( i i ) 
and t h e i r chemical analys^js. 
-(22). 
The method of chemical analysis for determining the 
composition of the metal ferrocyanog®i complexes has been 
applied till now in the case of insoluble complexes. Attention 
to this fact has already been drawn in the general introduction 
Chromic ferrocyanide forn^ soluble complexes at the room 
temperature and an insoluble product is obtained on carrying 
out the reaction between chromic chloride and potassium 
ferrocyanide at higher temperature viz, SO C, Since the 
product obtained in the latter case is expected to contain 
the hydrolytic products of chromic chloride as well as of 
the Complex, it was considered futile to undertake its 
chemical analysis. On the other hand it was thought worthwhile 
and highly desirable to isolate the complex fran its state 
of solution and subject it to chemical analysis. Investiga-
tions on these lines not only helped in characterising the 
complex but also provided a means of confirming the results 
of Malik (loc*cit.) on the physico-chemical studies of the 
chromic ferrocyanide. 
The reaction between chromic chloride and potassium 
ferricyanide is quite a slow one at the room temperature 
and it takes quite a long time to realise any perceptible 
change. However, when the reaction is carried out at about 
- ( 2 3 ) -
60*^C, i t takes about two hours to reach completion. The 
complex obtained in t h i s way was i so la ted and subjected to 
Ghoaical ana lys i s . 
The react ion between Be(i i) and potassium ferrocyanide 
i s s l i g h t l y different from the reac t ions described abovei, 
Here a soluble complex, blue in colour, i s obtained by 
mixing the reac tants in t h e i r f a i r l y d i l u t e form, but an 
insoluble complex i s obtained on mixing the concentrated 
so lu t i ons . The l a t t e r compound, although i n i t i a l l y vAite 
in colour, also got changed into the blue form and analys is 
of t h i s and the one obtained a f te r i so l a t i on from the soluble 
var ie ty was undertaken, 
S X P S R I M S W T A L 
Preparation of Solut ions; 
Chromic chloride solut ion was prepared by d issolv ing 
A.R. grade sample in double d i s t i l l e d water and i t s s t r eng th 
was determined iodometrically a f t e r oxidis ing the so lu t ion 
to chrornate by sodium peroxide. 
Potassium ferrocyanide (A.R.) and potassium fer r icyanide 
( r ec rys t a l l i s ed ) were dissolved in double d i s t i l l e d water. 
The s t rength of the solut ions were determined volumetrically »-" 
- ( 2 4 ) -
against potassium permangnate and sodium thiosulphate 
r e spec t ive ly . 
Beryllium n i t r a t e so lu t ion was prepared by d i l u t i ng 
A.R. sample in 250 c . c , measuring f lask with double d i s t i l l e d 
water and i t s s t rength was determined gravimetr ica l ly a f t e r 
weighing as Beo, 
C H R O M I C - F S R R O C Y A N I D B 
Preparation of the Complex; 
Squimolar quan t i t i e s of CrCl^ and K.FeCy^ (20 cc . of 
0,1 M each) were taken in a pyrex beaker and kept aside for 
24 hours for complete r eac t ion . The so lu t ion , reddish brown 
in colour, was t rea ted with ethyl a lcohol , an o i ly substance, 
brown in colour, was obtained. The supernatant l i q u i d was 
+ 3 decanted and i t gave the t e s t s n ie ther for Cr ions nor for 
PeCyl* ions . The o i ly substance was dissolved in minimum 
amount of water and again t r ea t ed with e thul a lcohol . After 
repeat ing the process th ree to four times the sample was 
dried over Cao. 
Four samples were prepared in the manner described 
above and chemical analyses of these samples were carr ied 
out separately and independently. 
- ( 2 5 ) -
The four samples were named as 1, 2, 3 and 4 . 
The experimental procedure for one san5)le i n d e t a i l i s 
given below: 
Estimation of Iron; 
A weighed quanti ty (0.1023 g.) of the dehydrated 
compleic was mixed with about 2 to 3 g. of pure sodium 
hydroxide and 1 to 2 g, of sodium peroxide ( a l l the 
reagents used being free from potassium), Ilie mixture 
was made in to a paste with few cc, of water ( to avoid 
spur t ing e tc . on fusion) in a platiniam c ruc ib le and fused 
over a gent le flame. I t was kept in the red hot raotten 
s t a t e for about half an hour to ensure complete breakage 
of the complex. 
Complex ^Q * ^^2 Fe^O, + Na„ero,+ NacN + KCN +Koft e t c . 
fuse ^ It Ur 
All the iron in the complex got converted t o the 
oxide (or hydroxide), chromium into the chromate, cyanogen 
in to sodium or potassium cyanide and potassium in to the 
cyanide or hydroxide. If any potassium or chlor ide ions 
were present in the complex in the adsorbed s t a t e , t ha t 
would also be retained in the solution in s6me form or other. 
Only ^©2^3 re^aiJ^e^ ^ ^^® solid state. After fusion, the 
mass was cooled and then extracted with hot water. It was 
then filtered, the residue dissolved in warm dilute hydro-
chloric acid and precipitated with dilute ammonium hydroxide* 
Afterwards reprscipitation was carried out to remove the 
adsorbed chromate etc, completely. It was then filtered 
and the precipitate used for the estimation of ironic Both 
the filtrates were collected and made up to 25G ccl and used 
for the estimation of chromium, potassium etc. 
The gravimetric estimation of iron as FegO, was tried 
first, but this was found to be time consuming and likely 
to bring in more errors. Hence, the volumetric estimation 
was followed. The precipitated ferric hydroxide was dissolved 
in warm dilute sulphuric acid and the solution was made up to 
100 cc, in a measuring flask. 25 cc, of this solution was 
pipetted out into a conical flask and about 2 g, of pure 
zinc dust and 20 cc, of ifKHgSO, added to it. The ferric iron 
got reduced to ferrous state by the nascent hydrogen. The 
contents were warmed to complete the reduction and after 
about 25 •• 30 minutes, it was filtered,repeatedly washed and 
the collected filtrate was immediately titrated ?• rain^ vt 
- (27)-
agains t standard potassium permanganate so lu t ion . The 
method was found to be quite s a t i s f ac to ry giving concordant 
va lues , 
Estimation of Cyanide; 
The estimation of CN was attempted hy severa l methods, 
Kjeldahl*s^ method combined with Golman^s-^ method was 
employed. The d e t a i l s of the method were almost the same 
as given by Smith and Griswold. 
A weighed quanti ty (0,1032 g.) of the complex was 
made in to paste with 3g. of sodium hydroxide and 2g. of 
sodium peroxide and kept aside for 24 hours for complete 
d iges t ion . I t was then heated for a while, cooled and the 
mass was extracted with water. The whole ex t rac t along 
with the ferr ichydroxide p r e c i p i t a t e was t ransfer red t o the 
f lask of micro-KJeldahl 's apparatus ( f i g . l ) . The a lka l ine 
so lu t ion in the f lask was then ac id i f i ed with 4N sulphuric 
ac id boiled for about two hours. The HON gas evolved was 
absorbed in IN sodium hydroxide so lu t ion taken in t h e f lask 
and made upto 250 CCT in a volumetric f l a sk , 25 cc. of t h i s 
so lu t ion was p ipe t ted in to a conical f lask and t i t r a t e d 
against standard s i l v e r n i t r a t e so lu t ion using a few c rys t a l s 
of potassium iodide as ind ica to r . 
F i e . N t o i 
MfCRO-KjELDAHL'S ApPRATUS FOR THE 
ESTfMATrONOF NiTROSEN, 
- (2g ) -
During the process of MtSllng with sulphuric acid, some 
of the a lka l i cyanide hydrolysed to form ansnonium sulphate . 
This ni trogen was estimated in the form of ammonia as follows: 
After expel l ing HCN, the contents were cooled and a 
concentrated so lu t ion of sodium hydroxide was then added to 
i t and boiled to decompose the ammonium s a l t . The ammonia 
l ibe ra ted was absorbed in 0,05N sulphur ic acid and the excess 
acid t i t r a t e d back against standard a l k a l i . 
The t o t a l cyanogen content was thus ca lcu la ted from 
the two data, 
Estimation of Potassium: 
The estimation of potassium as ch lo rop la t ina te i s usual ly 
followed with much accuracy. But s ince t h i s method i s quite 
expensive and a large nximber of est imations had t o be car r ied 
out , the cheap and equally accurate c o b a l t i n i t r i t e method was 
preferred , The method is based on the f a c t t ha t potassium 
i s p rec ip i t a t ed in the form of K2NaCo(N02l.6H 0 from a 
solut ion containing Na and K in the r a t i o 2 2 : 1 , by adding 
f reshly prepared sodium c o b a l t i n i t r i t e . The p r e c i p i t a t e i s 
s t ab l e a t lOO^C ,^ Since, the ex t rac t already contained excess 
of Na, no fresh addi t ion of i t was foiand necessary. 
Since t h e potassium con ten t was found t o be very smal l 
in many c a s e s , i t was thought wor thwhi le to check t h e r e a d i n g s 
by c o l o r i m e t r i c method, Lange 's Flame Photometer was used 
fo r t h e purpose . A c a l i b r a t i o n curve was f i r s t drawn w i t h 
potass ium c h l o r i d e and t h e c o n c e n t r a t i o n of K in t h e sample 
was then d i r e c t l y r ead wi th t h e h e l p of t h e cu rve . The r e s u l t 
ob ta ined by the two methods were found t o agree very c l o s e l y . 
The f u l l d e t a i l s r e g a r d i n g t h e r e a d i n g s fo r t h e a n a l y s i s 
fo r only one complex a r e given as f o l l o w s : -
I r p n ; 
Weight of t h e subs t ance taken 
fo r fus ion 
S t r eng th of KMn 0. used 
Tota l volume of i r o n s o l u t i o n 
made up 
Volume of s o l u t i o n t aken fo r 
t i t r a t i o n 
Volume of KMn 0, r e q u i r e d 
,•, S t reng th of f e r r o u s s o l u t i o n 
Tota l i ron p resen t i n t h e „ xoxu .u :?^ ^ ?>*«? x 100 
s o l u t i o n 










25 cc . 
1.5 cc . 
1.5 X 0,052 ,, 
25 
1.5x0.052 ,^ 55iS5 
25 1000 
It5x0.052 ^?5;85 




The ext rac t a f t e r the removal of i ron was made upto 
250 cc . 
I'olume of the chrornate 
solut ion used 
Volume of the 0,102N 
thiosulphate required 
Strength of the chromate « _"_ ^ 
solut ion 
Equivalent vft. of chromium 
in the react ion 
Total chromium present i n = 0>93x0.1Q2^ 52 ^250 
the whole extract 25 3 1000 

















in the complex 25x3x1000 0U023 
15,92 
Potassium: 
(a) Cot ia l t in i t r i t e method; 
20 cc , of the ex t rac t was used for the p r ec ip i t a t i on of 
potassium. 
Weight of c o b a l t i n i t r i t e = 0»0057g, 
Molecular weight of ^ ici 1 
K2NaC0(WO2)^ ,.6H2G ^^^* 
Since /|.54.1g. of c o b a l t i -
n i t r i t e contain 78.2 g.of K 
.% 0.0057g. of c o b a l t i n i t r i t e 7^.2x0,0057 ^ «-
contains ~ ^ J — S- of K 
Total weight of potassium = 78,2x0,0057 ^ 2 ^ 
in the ccanplex 454,1 20 
Percentage of potassium in « 78,2x0,0057 ^^  250 ^ 100 
complex 454,1 20 0J023 
-(31)^ 
(b) Colorlmetrlc method: 
As a verification of the gravimetric method,, the 
potassium content of the complex was also determined 
by Lange's Flame Photometer. The extract after the 
removal of iron was used for the estimation,of K^ The 
flame photometer was first adjusted to a definite sensi-
tivity and the pointer was adjusted to zeroe Pure double 
distilled water was then atomised at a pressure of Olh 
atmosphere. The apparatus was then calibrated using 
standard solution of potassium chloride. The readings are 
given in the following table. 
The sample under test was then put for atomisation and 
from the readings obtained the concentration of potassium 
was calculated with the aid of the calibration graph. 
T A B L B (1) 







































0 .05556 . - . 
0 ,06667 
Fig . 1. 
The Dial reading ( I . e . "deflect ion) for t he sample came 
to be 7 9 , from which the pe rcen tage of potassium was calcu-
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(a) Ambunt of CN evolved as HCM; 
Weight of the complex used « 0»i032g. 
Strength of silver nitrate » 0,05 I 
solution 
Total volume of NaOH made up « 250 cc. 
after absorption of HON 
Volume of the solution used = 25 cc, 
for titration 
Volume of AgNo, required = 2.2 cc, 
,% Strength of NaCN solution = 2.2x0,05. j^j 
25 
Total wt. of CK in the ^ 2,2x0.05 ^  26 
complex 25 4 
The percentage of CN - 2.2x0.05^26^100 
25 4 00.032 
» 27.72 
(b) Amount of CN from the ni t rogen 
evolved as ammonia; 
Strength of sulphuric acid used^ ^ -, „ 
for the absorption of ammonia " ^* 
Volume of acid used » 100 cc . 
Total volume made up af te r » 250 cc, 
absorption 
Volume used for each t i t r a t i o n « 50 cc, 
Vol\ame of 0.05N NaOH required = 2 cc, 
.% Strength of ammonia so lu t ion » 22 x 0.05 ^ 
50 
Total wt, of ni trogen in the „ 2 x 0.05 14 
v^ole so lu t ion 50 ^ 4 
Amount of GN equivalent « ^ ^ Q«P? x l i 
50 4 
- ( 3 3 ) -
.•; The percentage of CN = l^sMl x ~ x 100 
50 4 0.1032 
« 12.60 
Tlaerefore, the t o t a l 
percentage of GN in s 40.32 
the complex 
Analyses of other Samples; 
The analyses of other staples were also carried out in 
a similar way as described in the foregoing pages. The details 
regarding the calculations were not given since the method 
had already been illustrated in detail for the analysis of 
the complex No.l. The results were given below: 
T A B L B (2) 
Complex Percentage Consti tuents 
K Cr Fe CN 
2 13,00 17.21 20 40.12 
3 12.80 17.25 20.20 40.45 
4 12,10 17.00 20.10 40.86 
From the percentage composition obtained by ana lys i s , 
the en^ i r i ca l formula of the complex was calculated as 
given below: 
- ( 3 4 ) -



















































































































From the above, the formula for the chromic ferrocyanide 
complex may be represented as KGr^^l FeCy^. ^ o ^ ' ^®^® ^ 
may vary between 2 and 3, 
Sample one was sent foranalys is to 'Chemistry Department, 
University of Melbourne, Aust ra l ia^ ' for C, N and H a n a l y s i s . 
The percentages worked out by them were as follows: 
C 17.78^ 
H . 2 .03^ 
N 20.37?^ 
-(35)-
From these values the empirical formula of the 
complex was calculated as follows: 
T A B L E JL) 





































The empirical formula of the complex thus comes to 
be KCr-^-^-'- Fe'^'-'-Cy^. 3H^0. 
-(36)-
C H R O M I O F E R I C Y A N I D B 
Preparat ion of th^ Complex: 
The chromic fer r icyanide complex was prepared in the 
following way: 
In three boi l ing tubes, chromic chlor ide and potassium 
fer r icyanide (each of cone. 0.1 M) were mixed in the r a t i o 
1:1, 1:2 and 2:1 r e spec t ive ly . As the react ion was very ' 
slow and the colours-change was not percep t ib le even on keepin 
the mixture at room temperature, the th ree boi l ing tubes • 
were kept on a thermostat ic water bath maintained a t 60*^  for 
about two hoiars. The mixtures were then cooled and the 
chromic f err icyanide complex was c r y s t a l l i s e d by a lcohol , 
s t i r r e d well and allowed to s e t t l e . I t was then f i l t e r e d 
through the Buchner funel and washed t h r i c e with 75^ alcohol 
and f i n a l l y with e the r . The complexes were dried over Cao 
for 4^ hours. I t was then ground on a mortar to the f ine ly 
powdered s t a t e . 
The procedure adopted for fusion and subsequent con t i -
nuation of the cons t i tuents of the complex was the same as 
described e a r l i e r for chromic ferrocyanide^ 
- (37 ) -
Analvsls of the Gomtjlex: 
I ron: 
Weight of the complex » 0.1034 g. 
used for fusion 
Weight of ^©2^3 ° 0.0331 g. 
. . 159.70 g, of FegO^ 
* contain 111,70 g. of Fe 
« 
,% 0.0331 g* of Fe^O^ 0.0331 x 111.70 ^^ ^^ p^ 
contains 159*70 
Therefore, the percen- ^ 0.0331 x 111.70 ^ IQQ 




The ext rac t a f t e r the removal of iron was made 
upto 250 cc . 
Volume of the chromate = 50 cc . 
solut ion taken 
Volume of 0.079 N t h i o - « 3,1 cc . 
sulphate so lu t ion 
•*, Strength ©f the chromate = 3,1 x 0,079 ^ 
solut ion 50 
Total weight of chromium „ 3.1 x 0.079 x ^ x ^^^ 
in the vdiole ex t rac t CQ 3 1000 
: . The percentage of = 3,1 x 0.079 x H x ^ x 




(a) Amount of CN evolved as HON; 
Weight of the complex taken = 0,2135 g. 
Strength of AgNo^ solut ion = 0,05 N 
Total volume of NaoH made _ 2«;n cc 
up a f t e r absorption of HON ^ ^ ' 
Volume of the so lu t ion for » 50 cc» 
t i t r a t ion 
Volume of AgNo, so lu t ion 
required ^ 
.•, Strength of MaCN solu t ion 
Total wt. of CN in the 
complex 
.*. The percentage of CN 
s 
s 
S cc . 
l.x.0«P5 
50 ^ 






X - 10O„ 
0.2135 
24.35 
(b) AipoTant of QN frpm the ni t rogen 
evolved as anmionia; 
Strength of sulphuric acid 
used for the absorption of = 0,1 N 
ammonia 
Volume of acid used = 100 cc . 
Total volume made up a f t e r s 250 cc , 
absorption 
Volume used for each t i t r a - « 50 cc , 
t ion 
Volume of 0,052 N NaOH « 8,3 cc , 
required 
.•, Strength of ammonia solut ion = 8.3 x 0,052 ^ 
50 
Total weight of ni t rogen „ 8^3 x 0,0^2 ^ Ik 
in the whole su lu t ion 50 4 
- ( 3 9 ) . 
Amount of cyanogen = 8.3xOl052 y^ 26 
equivalent 50 4 
.% The percentage of cyanogen - ^ .3x0 .052^ 26 ^ _10g_ 
50 4 0,2135 
= 26,2g 
Thus, the percentage of = <;n 6"^  
CN in the complex ^^ ' "^ 
The r e su l t s of the analyses of the other samples 
2 and 3 were given in the following t a b l e : 
T A B L E (?) 
Percentage Constituents 











From the percentage composition obtained by analysis, 
the empirical formula of the complex was calculated as 
given below: 
- ( 4 0 ) -
T A B L E - (6) 


















































































From the above, the formula for t he chromic fe r r i cyan ide 
Complex may be represented as : 
Cr^^^ Fe-^^^Cyj. xH^O 
where x may vary between 1 and 2 
In t he case, when the r a t i o (Cr-^^/FeCy^^"") i s 1:2, the 
formula may be wri t ten a s : 
Cr^ -^^  Fe-^-^ty^ . H^ O . K^ FeCy^ 
Sample ®ne was sent for analysis to Chemistry Department, 
Universi ty of Melbourne (Austral ia) for C, N and H analysis;^ 






From these values the empirical formula of the complex 
was calculated and found to be : 
I I I TIT Cr-^  -^  Fe (CN)^ 0,6 H2O 
Thus, the formula of the complex may also be written: 
Cr-^-"--^  (Fe^ -^'^ CCN)^ . H^O) 
B E R Y L L I U M F B R O C Y A N I D B 
Preparation of the Complex; 
Two s e t s of mixtures containing beryllium n i t r a t e and 
potassium ferrocyanide were prepared in s i x pyrex beakers in 
the r a t i o (Be *: FeCy^^*) 1:1, 2:1 and 1:2, by adding 5 c c . , 
10 c c , , and 5 cc . of beryllium n i t r a t e to 5 c c . , 5 cc , and 
10 cc. of potiissiura ferrocyanide. In one s e t the s t rengths 
of beryllium n i t r a t e and potassiiMJ ferrocyanide were 0,5 M 
each and in the other 0.1 M each. The s i x mixtures were then 
s l i g h t l y warmed, inAiereby a white product ( turning slowly to 
blue) s e t t l e d down in the 1st s e t of mixtures while in the 
2nd se t of mixitures, a blue product was formed. Then they 
were f i l t e r e d through Buchner funnel and washed with alcohol 
t h r i c e and f i n a l l y with e the r . The f i n a l products were blue 
in colour and were dried over CaO for 48 hours. 
The three products in the f i r s t se t were named as 1,2^3 
and those in the second s e t as 4,5 and 6 . 
Analysis of the Complex; 
The fu l l de t a i l s regarding the observat ions , ca lcu la t ions 
e t c . were given below for the complex 1 (1 :1 ) , 
Unlike the chromic fer ro* and fe r r icyanides complexes, 
heating with HgSO , instead of a l k a l i fusion was found to be 
the most s a t i s f ac to ry to break down the complex, 
0.1213 g, of the complex was heated with conc.HpSO, 
(A,R, grade) in a platinum c ruc ib le in a gent le flame for 
about half an hour, cooled and then t ransfer red to a pyrex 
beaker. I t was then di lu ted to 100 cc. with double d i s t i l l e d 
water, A clear solut ion was thus obtained. 
The excess of the acid was neu t ra l i sed with d i l u t e 
ammonia. 35 gms. of ammonium ace t a t e and 22 gms. of ammonium 
n i t r a t e were added to the s o l u t i o n . I t was then d i lu ted with 
- U 3 ) -
200 cc . of water and added 5 cc . of 80fo a ce t i c a c i d . Heated 
the solut ion to boi l ing and while s t i r r i n g added I O F tan!iin 
g 
solut ion u n t i l the p r ec ip i t a t i on of iron was complete. 
Dissolved the p r ec ip i t a t e in hot d i l u t e sulphuric acid and 
repeated the p r e c i p i t a t i o n of t he iron by the add i t ion of 
aromoniura ace ta t e , animonium n i t r a t e and ace t i c ac id . In t he 
combined f i l t r a t e , beryllium was p rec ip i t a t ed as beryllium 
hydroxide by adding ammonium hydroxide. I t was then f i l t e r e d 
through a gravimetric f i l t e r paper and the f i l t r a t e was 
reserved for the es t imat ion of potassium. 
Irpii; 
The iron s a l t of tannin was igni ted and weighed as 
Fe203. 
Weight of the complex ^ lo io „. 
used for fusion " u.x^xjj g. 
Weight of FegOo = 0.0312 g. 
. . 159.70 g. of F e , 0 , contains 
• 111,70 g, of Fe'^ ^ 
.-. 0.0312 g. of Fe^O, contains 0.0312 x 111.70 ^^ p^ 
'^ ^ 159.70 
Hence, the percentage of ^ 0.0312 x 111.70 ^ lOQ 
iron in the complex ' 159.70 0.1213 
= 17.99 
- (44)-
Bervl l lum; 
The bery l l ium hydroxide p r e c i p i t a t e , ; was i g n i t e d and 
weighed as Beo. 
The weight of Beo = 0.0202 g . 
. • 25.03 g. of Beo con ta ins 9 ,02 g . of Be 
.% 0.0202 g. of Beo con ta ins 0.0202 x 9*02 ^^ ^^ g^ 
25,02 
Hence, t h e pe rcen tage of _^  0.0202 x 9.02 ^ 100 
bery l l ium in t h e complex " "" 25 02 0 1213 
as 6,146 
Potassium; 
25 c c , of t h e e x t r a c t was used f o r the p r e c i p i t a t i o n of 
potass ium. 
Weight of c o b a l t i n i t r i t e » O.OOI4 g . 
. . 454.1 g , of c o b a l t i n i t r i t e 7g;2 g , of K 
• con ta ins 
.•. 0,0014 g . of c o b a l t i n i t r i t e 0 ,0014 x 75.2 
con ta ins ,c,t g. 01 ^ 
4?4ii-L 
Tota l weight of K i n t h e = O.OOI4 x 78,2 250 
complex ^5j^^l 25 
Hence, the pe rcen tage of ^ 0 .0014x7^ .2^ 250 ^ 100 
potassium in the complex 454.1 25 0.1213 
= 1 9 . 8 7 
Cyanogen; 
(a) Amount of CM evolved as HCNt 
The weight of the complex used « 0,3121 g, 
Total volxane of NaOH made up ocn /-^  
a f t e r absorption of HON - -i?u cc . 
Volume of t he solut ion used 
for t i t r a t i o n = 50 CO. 
Voliame of 0.05 N AgNo- ^ I3 ^^^ 
solut ion required 
/ , Strength of NaCN solut ion » 13 x 0.05 ^ 
50 
Total weight of CN in the „ 13xO>05.,^  26 
complex 50 4 
Hence, the percentage of CN » 13x0.05 ^_26 ^ 10)0 
50 4 0.3121 
- 27.07 
(b) Amount of CN from the nitrogen 
evolved as ammonia; 
Strength of sulphuric acid _ 0 1 N 
used for the absorption of " ' 
ammonia. 
Volume of acid used c loO cc. 
Total voluune made up af te r _ 050 cc 
absorption of ammonia ~ -^  * 
Volume used for each t i t r a t i o n « 50 cc . 
Volume of 0,052N NaOH required = 7.7 cc . 
.% Strength of ammonia solut ion « 7.7y 0.052 ^ 
50 
Total weight of nitrogen in ^ 7.7 x 0«Q52 I4 
the whole solution ~ CQ "" ^  4 
Amount of cyanogen equivalent » 7« 7x0,0^2 35._26_ 
50 4 
Hence, the percentage of ^ 7.7x0.052^ 26 ^ 100 
cyanc^en 50 4 0.3121 
= 16.03 
/ . Total, percentage of cyanogen _ ,0 ^^ Q 
in the complex " 
The r e su l t s of the analysis of the other samples were 
given in the following t ab l e : 
































From the percentage composition, the empirical 
formula of the complex was calculated as given below: 
-{47)-f 
T A B L E . (8) 
Complex 
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From the above, the formula of the berylliiira 
ferrocyanide complex obtained from the concentrated 
. (4a) -
s o l u t i o n s of t h e r e a c t a n t (0 ,5 M each) may be r e p r e s e n t e d 
I I I I 
a s : Kg Be^ Fe (CW)c . x H^O, where x may 
vary between 2 and 3 , twt t h e formula of 2 -1 complex comes 
out to be ^2^e^^'^ Fe" '^'"(CN) .* H^O .2H2O. K Fe(CN)^. 
In case of the d i l u t e s o l u t i o n s of t h e r e a c t a n t s 
I I I I 0 . 1 M e a c h ) , the formula comes out to be KgBe,, (Fe (CN)c,H20)2 
and Kg Be^^ Fe^''"(CN)5. 2H2O, 
Sample 1 was s e n t for a n a l y s i s t o Chemistry Department, 
Un ive r s i t y of Melbournej A u s t r a l i a , for C, N and H a n a l y s i s . 
The p e r c e n t a g e s worked ou t by them were as f o l l o w s : 
G -^.»>_™. I9.33f« 
H 2 . 5 3 ^ 
N 22 .35^ 
From these values, the empirical formula of the complex 
II II 
was calculated and found to be K2Be2 Fe (GN)^. 3H2O. 
-(49)-
D I S C U S S I O N 
The reac t ion between chromic chlor ide and potassium 
ferrocyanide i s a slow one and takes some time for completion, 
Malik ( l o c . c i t . ) explained i t by assuming tha t potassixim 
ferrocyanide got decomposed to potassium aquo-penta ferrocyanide 
in presence of C r ( i i i ) ions and, the re fore , in addi t ion to 
potassium ferrocyanide in the reac t ion mixtures, the presence 
of K^FeCyc. H^ O was also v i sua l i s ed . The confirmation to 
t h i s view point may be sought: ( i ) by observing the effect 
of the addit ion of K-FeCyc.H20 to t h e reac t ion mixture 
(vide chapter I I I ) and ( i i ) by i s o l a t i n g the chromic f e r r o -
cyanide complex and subjecting i t to chemical a n a l y s i s . 
Chromic Ferrocyanide; 
The r e s u l t s of chemical analysis ( t ab le 3 p 34) go to 
show that f ive cyanogen groups are present in the coordinating 
sphere and hence i t may be concluded t h a t in the chromic 
chlor ide potassium ferrocyanide r eac t i on , the mechanism of the 
r eac t ion i s not as simple as in the case of other heavy met%l 
I I I ferrocyanides. Here a complex, having the formula K Cr 
(Fe''-"^(CN)5 ^2°^ ' ®^ formed ins tead of the one E Cr-'^ -'--''(Fe^-^(CN)^) 
- ( 5 0 ) -
previously suggested by Jfelik ( l o c . c i t , ) on the basis of 
spectrophotometric and electrometric s t u d i e s . The r e s u l t s 
also get the confirmation from the chemical analys is 
data for C, N and H done at Chemistry Departn^nt, University 
of Melbourne, Aust ra l ia , 
Since t he complex i s associated with three and, in 
other cases, with two molecules of water, i t can be represented 
a s : K Cr"'"-^-'-(Fe'^ ^(CN)c. H20),x H^O, where x may 
vary between 1 to 2, 
Chromic fer r icyanide; 
The r e s u l t s of the analysis of chromic fer r icyanide 
obtained by mixing potassium ferii.cyanide and chromic chlor ide 
(0 ,1 M each) in d i f ferent proportions a t 60°C are summarised 
below: 
(i) The composition of the complex partly depends on the 
proportion of the two reactants, and hence the complex 
could not be assigned one simple formula to represent 
its composition; 
(ii) The analysis of the samples 1 and 3 (obtained by mixing 
chromic chloride and potassium ferricyanide in the ratio 
Iti and 2:1 respectively) showed that a complex of 
-(51)-
definite composition Gr (Fe (GN)c HgO), x H^O is formed. 
In the 2*.l complex, the value of x is two, while the 1-1 complex 
does not contain water of hydration, 
3+ 3-(iii) The analysis of the sample 3 (Cr^ : FeCy^ = 1:2) showed 
that an absorption complex of the composition 
Cr^^^(Fe^^^(CN)^. H2O). K^ Fe(CN)^ is formed where one mole 
of K Fe(CN). is absorbed per mole of the complex. 
(iv) The composition based on the data obtained from Chemistry 
Departmoit, University of Melbourne, Australia, for the 1-1 
complex gives a lower value for HgO (0,6 mole), but the value 
for the cyanogen radical comes out to be five. Here the 
composition of the complex may also be written as: 
Cr-'--'--'-(Fe'^ '°-Cy^ . HgO) 
Decomposition of potassium ferricyanide to an aqua 
complex is quite possible and one can visualise the following 
reactions in presence of Cr(iii): 
H 0 
K^Fe(CN)^ .2, ^ K^{Fe^'^'^{Qm^ HgO) 
followed by K GN + HgO = KOH + HCN. 
If it is so, the product of interaction between chromic 
chloride and potassium ferricyanide should give a product 
- ( 5 2 ) -
in which potassium ions should be present in su f f i c i en t 
amount. The r e su l t s of chemical ana lys i s , however, reveal t ha t 
except in one case where the fer r icyanide is present in la rge 
excess, the complex shows the presence of any potassium. HenCe 
no proof for the mechanism of the reac t ion involving f i v e 
cyanogen rad ica l s ins tead of s ix i s ava i lab le on the bas is 
of chemical ana lys i s . 
Beryllium ferrocyanide; 
The chemical analys is of beryllium ferrocyanide obtained 
by mixing berylliiim n i t r a t e and potassium ferrocyanide in 
d i f ferent proportions lead to the following conclusions: 
( i) The composition of the complex depends upon the proport ion 
of the reac tan ts and, therefore , no one simple formula can 
be assigned to the complex, 
( i i ) The formula of the complex obtained by mixing beryllium 
n i t r a t e and potassium ferrocyanide (each 0,5 M) i n the 
r a t i o 1:1, 1:2 respec t ive ly comes out to be 
K2Be2(Fe(CN) , HgO). xH^G, where x may vary between 1 and S. 
( i i i ) The analysis of the complex obtained by mixing the 
reac tan t s (0.5 M each) in the r a t i o 2:1 (Be^*: FeCy^') 
gives the composition K2Be,(Fe(GN)j.H20)2.H20; K,Fe(CN)^, 
vAiich can be taken as an absorption complex. 
-(53)-
(iv) In the case of the dilute solutions of the reactants 
(0,1 M each) the formula of the complexes formed in the 
ratio 1:1 and 1:2 (Be : FeCy^") comes out to be . 
K2Be^(Fe(CN) H20)2, v^ hile the complex formed in the 
ratio 2:1 shows to have the composition K2Be2(Fe(CN)c.H20).H, 
(v) The composition based on the data obtained from Chemistry 
Department, University of Melbourn, Australia, for 1-1 
complex (the concentration of the reactant being 0.5M each) 
comes out to be K2Be2(Fe(CN)c.H20).2H2O. 
The reaction between Be(ii) and potassium ferrocyanide, 
appears analogous to the Cr(iii)-ferrocyanide reaction. Here 
too, enough evidence is available for the decomposition of 
potassium ferrocyanide to the aquo-penta cyanide. Ko proof, 
however, is forthcoming for the formation of prussian blue as 
suggested by Malik (loc.cit.) on the basis of these studies. 
No doubt development of blue colour in this particular reaction 
may be taken as an indication for the formation of ferric-
ferrocyanide, but it is also quite probable that the amount 
formed is so small as to be neglected. Another possibility, 
which although appears to be quite remote at the first sight, 
may also exist. It is that of the hydrolysis of the reaction 
product which may give a blue product just in the same manner 
as one gets in the case of Mo(vi) compounds. Investigations 
in this direction is worth attempting. 
.(54)-
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C H A P T a R II 
.Sp.ggtrop,^ o,''^ Q"^ Q"^ ^^ ^ studies on the ferrocyanogen 
complexes of Be(ll)« 
- ( 5 5 ) -
The in terac t ion of Be(i i ) with potassixim fe r ro and 
fe r r icyanide presents some i n t e r e s t i n g features in the field 
of ferrocyanogen.complexes. The only reference worth mention-
ing i s the work of Miss K. Zutshi , who suggested an i n d i r e c t 
estimation of beryllium by t i t r a t i n g an excess of potassium 
ferrocyanide af te r p r e c i p i t a t i n g beryll ium as beryllium 
ferrocyanide, Malik ( l o c . c i t , ) , however, observed t h a t the 
react ion cannot be described in so simple terms as s tud ied 
by Zutshi and many fac tors have to be taken in to considerat ion 
to i l l u s t r a t e i t s r e a l na tu re . No doubt under ordinary 
codit ion a v^i te p r e c i p i t a t e i s obtained by the in t e rac t ion 
of beryllium and potassium ferrocyanide, a c r i t i c a l study 
would reveal tha t on keeping a blue colour develops on the 
surface which points towards other changes besides the one 
per ta in ing to simple double decomposition, 
2 Vosburgh and Cooper's method was employed to a sce r t a in 
the number of complexes formed in the reac t ion and the wave-
length a t which the maximum absorption of the complex occurs , 
3 Job ' s method of continued var ia t ion was then employed to 
determine the composition of the various complexes. In one 
case, v i z . , beryllium ferrocyanide the value of the formation 
constant was a lso determined. 
Moreover, l i t t l e a t t en t ion has been given to the r eac t ion 
between Be(ii) and potassixjm fe r r icyan ide . The r eac t ion i s 
extremely slow a t the room temperature and no apparent change 
i s observable even on keeping for more than twenty four hours. 
However, on carrying i t out at higher temperaturesj v i z . , 
50° - 60° C, a percep t ib le change takes place, point ing to 
the formation of a new compound. 
The s tudies described in t h i s chapter deals with the 
composition of these complexes by spectrophotometric method, 
S I P B R I M S N T A L 
Beryllium n i t r a t e , potassium ferrocyanide and potassium 
ferr icyanide solut ions were prepared in the manner described 
in chapter I , 
Spectrophotometric raeas\irements were made with the 
help of Bausch and Lomb 'Spectronic 20' for Vasburgh and 
Cooper's method and with Hilger Spekker Absortiometer using 
0,50 cm c e l l and various f i l t e r s for Job's method. The 
temperature of the experiments was maintained in a thermosta t ic 
water bath. 
- - ( 5 7 ) -
Vpsburgh and Cooper's Method; 
Before performing the ac tua l experin^nts on beryll ium 
ferro and ferr icyanide reac t ions by spectrophotoiretrie methods, 
absorption experiments were performed with the complex a t 
different wave-lengths in order t o s e l ec t the s u i t a b l e wave-
length to work with. Furthermore, the Vosfeurgh Cooper's 
method was employed in order to determine the number of 
complexes formed,, 
Berulliura n i t r a t e and potassium ferrocyanide of d i f ferent 
concentrations (0.1 M, 0*02 M and 0,01 M each) were mixed 
in the r a t i o of beryll ium to ferrocyanide as 1:1 , 1:2, 1:3, 
2:1 and 3:1 by mixing 6 C(2, 1+ cc, 3 cc , B cc and 9 cc of 
beryllium n i t r a t e to 6 cc, 8 cc , 9 cc , 4 cc, and 3 cc of 
potassium ferrocyanide. The op t i ca l dens i t i e s of the solut ions 
were measured a f t e r keeping the mixtures for twenty four hours. 
Similar mixtures were prepared for studying the beryllium 
n i t r a t e potassium ferr icyanide r eac t ion with the only difference 
tha t the op t ica l dens i t ies of the so lu t ions were measured a f t e r 
keeping the mixtures at 50°C for two hours. 
T A B L E ( I ) 
Concen t ra t ion of Be(N03)2 = 0 . 1 M 
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F i g . 2 
T A B L E (-2 ) 
Concent ra t ion of Be{m^)^ = 0.02 M 















































































- ( 5 9 ) -
T A B L S ( 3 ) 
Concentration of Be(N0^)2 = 0,01 M 
Concentration of K.FeCy^ = 0*01 M 
Wavf> Ipne-th Ratio of beryllium n i t r a t e t o potassium 
^ ^ ferrocyanide 




























































Fig , V 
T A B L E (» ) 
Concentration of Be(N0-)2 = 0 .1 M 
Concentration of K-FeCy^ = 0,1 M 
Wave-length Ratio of beryllium n i t r a t e to potassium 
ferrocyanide 






























































- ( 6 0 ) -
T A B L E ( ^ ) 
Concen t ra t ion of Be(NO ) = 0.02 M 




































































F i g . ^ 
T A B L B, . . i /_ ) 
Concent ra t ion of Be(N03)2 = 0 ,01 










































































F ig . 7 
i 8 * t a 





we-xxai.tr *M3 8«iaLtn»ii[.a>>ffi,n4r4 
w»<tBa*eiW8auca^i'B»Ki:*fl«t.«jia 
• a * < a < / j r e « v i i i M a « t l A 8 9 > t n i i i D « i a a a H 
i^ii»r«wapBa'jiHM»WKJ>n«H«i)«nu\ 
K4i--ta't«Aaftiiia^n£it«nsR'tf>iitna!'itt 




«a»B«kaHr«a«8r j r> i ia8t iau»Man 
• • • < / i 4 t ' » ! [ B D ^ < B « N e i i ' u 8 l l i 8 U A 0 a a . r « N 
ti.Kniaii<^'iid)i^Haa'»<aff«>«aMa^aL>>i 
nHahVKS«h!awr ••M8'-i*WH>«8Bit«'« 
aiuf'aw«.naaaa:«iK'*4.aHk»8at.e83 W(i 1= A » «<« > a»» t n Kll a It •«!«« K « » »-n 
a'i«(aMnf>^«<«tic«w*f>aeiaBBKiM<knic 
u 4 kftai .aaK9<8ii4«*u»iT« «•«•,•>« 
>i«ttart«3iraMa!iaku(*B«K«va«BH* 
a!C«aMa^Mit«>i»n«ir8aittfBi'»k>t4iK 
ai»'ift«4JrnaifHaau«8«i'i:iKii«%EiHiii B« j*a*flk'iu»iq8'ty|>HK4«aHBaaan 
«•'naa'aa « « • » • * « vaaasaan a a8«v 
i r . 8 8 a a ' a 8 8 » a H i i J t a e ) ' a v t > M a 
i i t ) r H H B * a « c o i 4 4 w < f * ' « t < a a K 
i;w^MM«ir>*>!«:«i:(!:>i:8Kittn:i8KCrj 
e a * 7 v a a H 1 4 8 8 8 8 8 a a a a : - ^ 
' i i i * i i n / ' * « « a p t « « « 8 < * a a ' ' ^ . « a " 
. u a a c a > *i 8 .vh ti i>«i:«,'a^ h 8*1 • id 
8 n v s « a a f t i a * 8 8 « ^ . ! a h B K ; ' B 
w « 8 t « N B i h « a r imj»vM»mi.f.* 
. « M W ' c t i r ' u K a u t ; t > i r 8 M ' a * » H a B 
u y > f p « i > 8 j i u : ( e t i i i w « a ( > a « a a 
» i B B i ^ w n a a i ' « c r < a 8 H a v a n a 
# t f a » K n R j a 8 w a ( i > i ( « i - i ' « < i a i i ; 8 
a i i i M a v a a a s i i t A ^ H . v a ^ h n v u a 
a H * « i ( a r M « 8 k | i a i i i B B K « n 8 B 
i > 8 ; c > > a i i ^ i : ' > 3 « K » a . r ' W M n A u * u 
« M « < i i * t < t c » » » » » « B M > * i « « » i a 
m « K ' a B A K a J b K B « a « i i a a > i > - . i a 
« a 8 a u a * n 8 a u 8 K 8 8 a M a « a « ' 
M K a i B w i M - i M a »<»'.. L > 8 » « « u a a 
a a i i ( ) a i ' a v > i t r a 3 « . * i ^ » ) i ( i i ( a » « 
B a t i - « n K c a ' . * i > . » r ^ W < i t i a ' a B a « 
» » M ( 4 a a a 
hRRf l< fa>ya 
r a « c * i w » a 
- k W « B » H 8 
i c ^ r . a a a a 
i j i t i a s a a a 
a ( t M a a i - > * 8 
b i ^ n k r t « 8 a > 
> u n a i t v a a 
.Ht^MVUWB 
i * a i ^ * » t * 
a i k U ^ a a U M 
a > * a 8 j > * H n ^ a d H t > 9 « i B a a i : « * 
^ ) ; « « n i l « < i - i i » u ^ B « w 1 (iiu:« is J 
1 <>fiM8a«MWMnn)«>a89i««b«F' 
a a R « i L K a u a f t a * ' * a ( > i ' « a 8 n « 
PI-.1 • a a a 0 {ucM a y ff »>« J B a « 8 & 
i n B ^ f i a i ^ u B t a a n t o i K u a a i t i n u 
K . ' ^ i ' i E t f B f t a i i i f R ^ a t a f l v M a f f 
a K 8 n ) i F B i * M 8 u a w ' « < « u a ^ i H ^ i i 
i i > » « » C B a 8 i ; a w a 8 a a » a a M B 
. f < 8 W t ) i t j t . i ' k a B < * ' i a * f i « . a o 
k t i * ( « a a H a r . g i i a » « a n 4 « i i i n v 
< « « 8 U « n « 8 E i u B a s ' a T - a M > * n n 
' l • a M 8 R ^ - ^ • l • > ' ' B n B r • 8 8 • E 
• a a a w M a a ^ a a i t M M A a M O B B 
n - I ' i i K H P H J r f t i B a c u i i w r i«- ) i> iv 
* q » n v « * ' < H M i « i ' ~ ^ » * - > « j i 8 « a 
• t a a i ] a 8 a # « B t t i i t » . * K ( . i i * ^ ^ 
A ' * i n i i a « « w > ' r i M a > > H a i i i i r M « w « ^ e t ' ' i . - a i > N * > : ^ u . ' i i t H K w u v » " K ' i a v K n u a K « r « i . - 9 i i a « i * ! » » « * « • • ' « > » » • i « « i ) F ! ^ i t r a a t i i f i A 
* ( . > ' i ? * « u i i , * . u H 9 n t « u K C M » « ' > i k i » a « n B s ' f t J . K ^ « B « > i i > > i i i t r i i a n . ' i i i 4 t > H a a a « D « j s c i : v n a k t i > . ' i ' i i : a j u » i a * « « ( t t . > * 4 » n a « ' a « i A e 
i *H '>Qnan>i i>*T i^ i i> n K ^ i « i ) w » | t M K n a ' « * K a ' i X ' * i a M t t w a < i f i 9 » « a « > i r « r a ( < K i ' D « M « n a w < a t < i H a * « « « « • £ • t9>«#- i ' !^wi i a E R u a A a M M a 
J a i i ^ r i i f i ' a ' a ^ ^ a r u » H i t f i w a u a a a ' « a « a a v « k - M M B » t f « M a a a c > < t B ' i a a a « « i i h a # n s M U w t R a a a > a e t K « u « a i ; 4 4 t i k a « « i ' ? a * . » . 
a AK w t a K B a t>i>t Etf » B a * t > a : ! t 01 w a - ' k n t io B « a M B n i a « e n v w a a w E i t ' a j > . i f i a i i • ( « > « • • c i ^ i a a t i i a w a t a i K v a M v u s a i f i i J i i a u p a i i 
a b « > B v ] i 3 a > r i ( » > « a a ( i ' I S > . « t i . i a K i k k B w i E t < K b « a u H « ^ « » a u * o v a « a a i t « ( r w a ' * « « ' » «a>aii«iii S B V w n a t • , » a t , > N j i ; i . a ^ i i > « u « ; ) a n i 
i H i i ' # / ' « i U ' r f . a w { k ! « t f M £ « » > v » » v ' s i > : w i > a ) < - ^ t i D « v a i > « » u « - j a a B t t » < ' a c i i b n a a a M K i v a a K c r a ; « i i r . k - r . K « ' t e x « t i ' a 3 f ^ » « < " « N » A * 
a a « » * a i > b b a a T a ' » t a i > n a « « « a i * ( ' i i « i f . a B « k B B c a a T . r « « v a v « « a ' ' . d i a « » ' i W M a B » . r M i : t . k 2 i « a f u a a j t n u % r ' j v a a a a » i i t i f a 8 
s « B t i i n ( « a n a H a * t a K ^ i ? a a ' i > i * ^ i > i B a a < 4 a M a i i c M > w u i r « a r t c - b t r P * « i f > < i ' i k « i K ' « « i i h a a ' a > w : i i . i i t c a # r n » U h i i i a < i i « * v » ' 9 i R « a 9 > 
1 4 8 9 
a 1 4 
U 8 » 
Bnck 
8<*C 
N B A 
• •»« 
a B ' * « w a k * K a 8 a a a ' ' ' i a a « « > . ' « B k . 
' « « « « « • 9 r M V < i ' t u a » 8 W K ' : s c j . K 
f « A ^ A 4 A « 3 8 a 8 a « H 0 f i » : M » i i a V 
i » i * « > 1 a : K « - . < U ' j t v n M 8 ^ « a < t i « 8 - i i 
i a i h b « « t t « n K 4 « V « B a f t > i H i * ^ t 8 
a a 4 v ^ * j & u a . i > . i i i « « 9 f L i i 4 t t « n B 
( • t u M B f i « t 8 ; t n « n t i M a a i * « « « K 
i r i ' h n p a i ^ a a a t i v K B a a a a w t ' i H 
i ( i ' j j i a B » v a , » n M r i : a t t 8 a « 8 a 8 r 
• i ^ k E a L ' r « a M n « w ' k i i » » » t ) t i 
i 8 ' > 8 « i f a t i a i « u a * - w w n « A ' > a a K 3 
i ^ t a ' » b H a 8 « J l ' « 8 c I ' a i l 8 • • « « 8 < • s 
• i . ' i a ' i F i a * a 4 < * i b * 8 > « i i H 8 8 > i - * 8 A « 
a 31 >* 8 * « K a'>i<^ »t - i i icaki i a v x K 1 8 » 
w a n WH s) d 8 018 a 1^ « Bit >: f a s ia r a 
B < t - w < i i a a i « * - S « - i * » U » W ' C * « 4 a 
• J K a « 8 * i i > 8 > - < i 8 » a a t > r a i . i # 8 v - i 
a 8 n ( l < ^ a i ( J M H « K > l l 8 8 K ' * » « 8 8 M 
'tis v t i « ^ u i i U S ( 0 • > • a <• V KWti ; i r 
a 8 t - i t i i a « t i V B i ' a « : ( K w « a 8 8 8 M 
W F ' V B a a a a n M a a B N S i t a k a v j a 
^ t l 8 n a a W k 8 H l i i * * M t . R # M « l l « V 
• K V U M a a K u a w a M W i B ^ . a « t > r « 8 * 
r a i L « j | ) , i ( > * - t ; 4 » ' M » i i 8 h « 8 % v « a 
!5SI»5Mia:s::::::s' 
a » M t ( K 8 a a « » i < t i a i ; a r : m : i N « k 8 ^ « I 
H ' . a e a a r f ' i B i r a a a a Q - p o K a a n M W & a k 
- < 8 < r ' « M « a 4 a « » E 8 a n H N ( < B b B « « I i a t i 
> a i a ' 3 » : a > a x a B M S t o w i ^ ^ r ^ a t i t a ] 
• l l t A t l S M U a B B M A X C H>. in«3l l l lMV. \UtM 
M t « f t H ' « N i « a a 8 u i c « u i i « n > ; « ' r i * n u a B a 
n B a k c a H H « . a f * a c w « > ; « > > a a v « i ; i B X 8 
^ j B i k i t ^ i a u a a c i ^ a r u f a t i B B a a G 
t l k i A ^ ' k t i a K a B a a ' l ' I b N A V B K ' T ^ t N V l I T 
I * «Ha<«aita8a»MitK>Mjivva 21(11,88 «<« 
Maf!i!aux8a«aHi:a>fMva):84,88k<i' 
n a i t o j ' > « M a ; ? ' A u i ' « « a B j K « K M » a a N a « L 4 a a t < c t i a a a r « % ' t i V ' * a t u M « > A « « > ' « t r 4 a « i u ' r . w a H K A « « # ^ » w p « t i i i < « B t N 
u a « . r s i « . B M W K 4 . - w i r u ^ a a B « a w « r a a a « 8 a i i i a * * M B W K > * i ( a » * v n v v a w H a « v * i a « i a i F H « V B ' i « ' n * « f > * u « a a t r « a > « w a a B w n * « t i « ^ v . f < £ ! ^ « M > ( . k ' ' t a r r w a ; ^ ^ ^ 
a « f t i > H ' ^ ( « « K t r i t i ^ « K « K « a a « « ' i i i < k M » a « K n > i t r « i v a v > u ^ < a « « s « » ' i s a W k « i a * « H k « t B % a e a y « n F » » > » a i t t t » r t * ^ * a « * s a ' a i i > > . i t 1 k a l R k ; f l t e i a * * » n r ^ ^ ' t a . X i M a i i -
' « # . f 4 c a a R i - w a c a i i M a B H k * * i a f t . » n i i ' « < « n a ' 3 « a H « B i i a a « a i n a a i i i r f f i i i K r K a i i i > i « » x « w a F a a « « ' i i 0 ' * ( ( a w D « » H ( . a M W ( a t t « « r S K a i x « ' t t > > . > t f 5 i i * " v n ^ ' i ^ » > ^ * ' > « < a ' * u r » 
• a r - * !• b- j^-u W A B M B t>a • 4 i > • « 11 W« v a t i « « i « « It 4 a a a a n B a a a « > < i i i ' a u « » « J* « n a d El B c r a H T S a k i a c a a a u a M M u a a a ' . » » « « ^ ' i ft l • « u B > « A t t ) l : ' u a u • b c » a a ^ a < ' • l l > l < 1 a 
« a a a i i * i ' ' . . i | B M a * M n * k < a a H k » « 3 r B « b - f r a t t a t i * B i > B P u a a x a » a i > a i > r h « a « u i i « ' ( a , ^ B > t J * < r \ < « j i « u a B a d K W » i r c a i t . - ' j a a « a V 4 r B « « « i ; v d « « - i E a » ^ n H « a w i t ' ' 
« a w a » > a ] l ^ « | { K K H u n e a t T i . ? 0 a « » H u a i i N » - a a i i * a m a * J ' 9 < > « « » * > t « « a « a « u u n a ' ( n > i i n « ' i t a u a « a R i r a « a j r « - i « a ' » M i K w v i k ' S B a ^ W B a M a ( | l v > i i c > t ^ « 
• • » ] • » « A a # i S 4 W ) £ < ^ B u k C ( 3 a « j i « ! » . h e n a « w > ; i n a I t i i i ^ i > N « F ' s - . > K . ' i a r « ' a a « « . ! • « • t i a « « u * t : 4 r t a i * K H a a a x a j ) U i . ^ ^ « a i f « r 4 4 w < ' ( 
e i i N « M a a « a £ ^ > % i g w « ^ » t ( « « « K ' > % j a c v « a « » K » d a a i . ; < n * K » , ; i a « ; « » n « « « a r a t r F M a a ( < a « H > « B a i . N t a » a N x a i ^ k i f F « r ^ « B ^ Mi>iM«-i t a r a a a a V B c a a r a B e * 
< t w > t » Y • « l I » < > X 8 a f • t ' » c « I • v « e 1 l l t 8 « q 8 » a < • • ^ l > i . • t B 8 a ! ^ l ( • l l a ^ 8 » . ' i D # ' a p « H « 8 N « r . a j B H l i l n . • ' l n . • l ' l l k . « B » ^ 
at-r« • !« ' • : 4a .H 8 a - t « i « 8 B ) i 3 i H < « M K « i 4 n * - « « n a # K a « f t ^ « K . r ^ i r . 8 a i K « ' « i S c t a > 8 J k U > k « i ] i l i r a 111 w v M H a O f E r ^ 
a r f * > « a u n « « U l l r o t * I < a a t r t I X M M K r b « 1 ^ a v » M l t B i a a A U / ^ ^ u V l ' « « . w a ? « f f i 4 i | | l u a r r , # ? • < K ) i v a ^ i < t : a * , t a « < f ' n a a a h M i i K A ' ' p r ' 8 a M 8 « . ( n ' « A « r ^ j ^ t t i » > a c » S 8 - * r . « « B 8 > f > a 4 . * « » b ] | . - f « « a a f l < c B 4 r i a V « * ' v a 
« i ' * 8 M B R a c . H i * i i K * N A f l i > > 3 B u « i h » v j . n i > H i 4 B 8 r ^ « ^ ^ % - > - A i r ^ « i i , b 8 n t a 8 V N w u H H « i f l i a n n a H i a a M r « u i i O « f t * 
a » ; H > a i a « r d ) < i i a w K « a k n a B B U a u M « [ a > ; i H > > i ^ ^ t t » ^ a > - < ) « i t - n a > ^ ? < ) . w i : t » j i 3 E a a . u ' i > « ( ' « « i i ^ 
« M i E 3 - > - ' a u a i i n r 4 a ' 3 « ' > « v « - v a b > f i 4 < ^ * < i ' i . a a 8 r 4 » » ' ^ * i t a ^ ^ 8 « a K % . « i ) . i | 8 W « t . K a a « j k n H B ^ * * a K a » v « i ^ s 





1 1 1 
n a j i V H ^ N I - ' B I I 
b a n a a a i f B v i 
a r i » i c « a 8 « i 
. tar- .BB'sBfri i ta 
•tfft r a i f M ^ t f 
i i 3 i ' « « a ^ t a * i 
v a a a j M i i i a a a 
B t f 4 8 i i a a > a 8 a 
M a > a a ' j « r K » 
• • V < « « « l l « 8 K I I 
i i o B s ^ e « a c i 
• a l a * B « i n 4 a i 
> P « « « 8 ^ 9 l » l 
»(»-rfl«« (•««.»;«* 
i « i 8 * \ i ( f t a « 8 « ' a a 8 -
r w a h X i \ a c * < 8 a * i 
a a a v ^ a M n i D a a a i 
a n s ] L i » < i » 8 u n K B « 
8 a i S ' a « a R f l i t c * i i « ^ 
B « M f c a a i * « » ^ « f t a 
E . « m « ! V 8 l l L W « « « 
H » i i a K n u U 8 » * t ~ 
n o u g a t a ' - a t iC t ; * ; ! ! . 
* « » B * N 8 U 8 < * 1 t f j 
8 r i i w » a B « « f l a t ) 
a 8 f ' ' J i 8 j ( f l i i t i > < l t a 
i H B H a a u i w a c t n 
i * « a a a 8 » a » y j ' i 
. a a i i i i i 8 8 a a < v a i i t 
«;>4U11ft'<(BI--8l4>ll 
» i > r " a « u - < i i i i a d i i a 
a 4 « H 8 a . ' i l a u B a > i i a 
a « k ' a i i « . « K ' « : i ^ < i a 
H k a a a v u a x i u - t - . u } 
u ^ a 4 K w « i « a t i F » « > 
^ M * « * a > H < « « o > K 
« < « N « k a i l r « f t > i » a a q a « k a i « a u * } ^ k V J * - d * S » » . t L « X < « < ' i ' i o » ' * > " > * ' B ' ^ - < 7 > < « > a H a & g i < i | i ? i a a « B B | M - % 4 
' f t t t J " ' ' ' ' ' " " ' ' " * " * " " * * " " " ' ' * ' a V " * - * « » * S * 4 " ' S f c J < t ' * " ^ ' « ' ' « ' a a * » ^ M ' » ' » * " t ' / « M ^ ' « " ' ' > r 5 * » p ^ n w * K 
e « < i t , B * ' ; i i « e 4 « t i a t ; i b K H ( « r t . a * r W W a » B ^ ^ r : i a M i i > ; . ^ a » i < i l ^ ^ « a r i M S ^ f « a % a c , . ? 3 i n e i > u « ^ l 5 a « 4 t t J ' ^ M ^ 
4 s a a n * » » t i H a u H a a a « a M * a * i i K * a a > > a > a , - t ^ x v ^ « k ? « v M s ) % i « # r . : ^ w 
e • I j t u i a a c a i t i a e a a a I a k o n a a a t m n a K a a u i a i S a v v - a a B a • « £ < ( « > • & ( ! £ . » : « « « « a f 
* » a a a H i i a a D « f i « w a a a > a ' a a t ' L a - > < ' M « d a a < < e x a ? W y H * u u a M » . ? < ' < ( » * ^ e b « 4 a a | . 
M r a M a a & a 4 a H b f f « H e « a i ) « ' « » K a > ' > r l ' M B f L i ! k ' n > > K ' 4 i B a « a B « B < t ' i . d T i ^ ' f a i r f i a f ' J ^ 
R s • f f l * . . ^ H . . ^ ^ - l . t , , a B • a a « a • , « « . J . a * | • J • « l f ^ l v , ' « C J ' M [ | K - a ^ ^ l « a * » ^ v » B ' l » ( l . ' • / 
M » « w s K a v . 3 « M r a a i K k k i b M a ' i r > « H ' i ! « « » • » « * * i m n i i » i . S f c " V W T a » . e i a » 5 * " a i a * n » ' 
a i i i i t « « i s « r ' B a ( i i * i t 9 a a B M * a . i i » * « « c ' < H a B i e T t ^ « a t j « ' a a B h » » ? r \ : # a » a « i . w « i a i i 
( • a « a ' ^ % * > ' a » * i u p a i > > a 8 < e ' « « v w r f 4 j « a i » i ( ' i B a 3 M - A k ^ . v N | a B « > i i i i > * 8 > a B a a « i > a i i * | « i i l ^ t o ' i i F l R ^ 
4 r ^ a 9 a < « » « O M > a « H t i a 3 J < « i > a * * a « 3 E a « o a a « i i ' > t a ' k \ « K B r . < > i ^ a » < » « a » » > 4 k i M a % . ' . ^ K 3 k ? l k - a a a k 
» ^ t i B * < « a r w a a « a ^ j | U 4 i i B c < a r f D a « 9 > i i > 8 E « f % a a « i i n i c ' a a > > ) ' a H W i L ~ 3 a 8 ^ N W q i ' a ' a . f f # | > > i i ' « a \ j i i » ' i » i 
/ r t t « i ' H r f " B a 8 C i 8 < * M i f t a , » * y . K a i » a « » a i i 8 i r A i « J K « a T . a ^ ^ » t 8 i f » a f c r a n * v > # * j « v t * « i » W « « i J t f ^ 
B 9 « i i , a a i i a i i i i h < i « « i i t > i n a ) > t l a a % a i y i a i i ' : 8 ^ n i ^ X i e « a i r - n 9 J i L n d i i < 4 i B » > U 8 * i > ' a H i ' < v V ' > ^ > ^ ' * ' ^ 
» . U ) « » a W K » a T i i F a a a w a a f c B W - n r r a i i a a i f « t « • / * - • » • • • ( • t , a « « 8 a 8 i a « ' . ' W » * ( i ! . - « * ! n * ^ i . « S i . i * 
« a » - ' 8 a v ' c t i i « « > * 8 a ; B Y a < N 8 i J i i « i M i « ^ e ' < i E u - 8 i a S 8 i i 2 ^ * * n " i < a . n a i . « a H a J i » ^ M « » ] i f » t < « * > ; S a . a i t ^ v 
« K r i N a n M » u i t . i a p - t s « b K t H t . t : A f K 8 W 8 l i l r . a » « a ' « t < b « i S u B S i i » * . a K A k S ' ' ^ j ^ - ^ k i e M > « i a t ) ^ a o » > 
i a c u ^ v a i | ' a r < t : K n * n i r } ^ a i < f f « v 8 j « B » a 4 i 8 a - > ' 8 n a < « V « l < < « » « a « N a j « * n C * f f k i V ^ B 8 > > a i * i i > a 3 ' 
a ( > v K K a a a « a u ^ F a > v a ^ R B i p i i > > i - a a e i . H n » « a « a h n » B * K B i > i » a > i . ^ K H / n a - ^ r . u i t j i i t e i s w B K a f a a - a f a i O - i v i i v B a r • < • • • • • . « « » * « a a « a « > i i i f T « W I I H B * » I I T " . a * w n ' » n i V * i J | ' a f > a . « * ' a » ' ^ S 
s » « n i a f q * f a w d i « r a t j J i 4 « , w a c i H a ' « H a w B H a d s a A r a 0 K a a n t < * u B m K a C E a » a i i i a a M « b » ' i a ' i ' * t r > o M > n » u ^ L e i : « « ^ > v a n a n a b * B a v > t t a u R n i . i ' » v i * r w > - i > a « a r a n v « * > ^ ( i ' » * t a i i i i ' K C ^ 
: i « v y i ! » t , « ; v » a « a . « v ) i a » * | i , t i t i i . a » a a a i i i ' « ' W e M » « e V : a a ' ! r . « > ' r V ' ' [ * ] l . a a > Q H « > , u » r a v t e « > H U « « j i a < « U K a . w a « ! ] a J i l i « « » a i & * K ' < a » i « a v i . • • t ) » a H i > . i » : 4 « r B 4 C a i > i « i ^ / v . ^ * i > » t ^ r > « i 4 
• « a w « 4 a K , a r « . « q M « a i i a i i , M 4 * - » « r « « u ' . * r « h * i i n f a K ' u a « « a 3 > t « > a a a i ; h < i i H ) i » a i i a a « e i « ' n a « W M a i r t t a 3 a i s ^ x « . ' > i { * « i a . ' - . a f i a a E > ' « » u t r i a K - < - « n a « « ^ j i i : < i ' « a i i « « s ' : i a a i < 3 i > C « . * B « i i i > t ) » 
n e ' j i i > - a a c w . i H - < : a a a s a « i n « a s t R « ( a u a B t . . ; « f t a a 4 a « a P a a . « i ^ M « a B B > « u u K t i a i ' & 4 i i h * R « - i « A a « « K B i r « i L M A a * u . » ' « » « » - i « i l E j t * ' W > i > ? ^ t < - > i « i . j a a a * a « B » f i H » « i i i w » r t » a » « ^ a * i . » i » a 
i v a E e a M v a K A b a * ^ ar^u v t t i > > i a i * a i ' C U B a H a « v c « | ! n 8 c < p a < » A u i i > n s : > M i « a w n t ] a a i t > « a k a « ' ' * W i : e > ' i b u u 9 n « r j ^ a u a ? < i * a i i > i a d B a V / < # t . * a i t i < B i t r i w i i a a ' H a ' w a a a M a i a M n i t i c S C i i a a o a i 
« q a a K a D * k t ^ ( l t « f f t a H i < - f M 1 i i « ' 4 r ' « r L ' a a « a i t a N M W H t i r ' a a M a # « a « i . a « E i « a « v « i « i i > » > t a a i i M a B a ^ r a j a " a t r i i ' S l r M « a L . ' a i . « i i « l « a « a i i « a n « v « a « R a « t . a « » • • « * ' j a h C . t * . l o - ^ f w * 
i < a M v n £ < i a u a i i u « n < > « : « n « » > i V a y a B a « < K a j i > j | i 3 a « « ' * a a t f v c < - « u « « # a a C M r < a s « a x ' a > « i i * n « a a 4 « a u K t ' » « * » i . c n i [ > : a « H j a L « : c K a * n 9 ' | M « < > H ( H a w a i i I K ' • « H r ; « t r « K L « i ( i i t « ? N ^ 
M a « H ^ « i e j « v < ) ' t ' > k » « a i i u i ' H » < ^ » B a a B K a i t a » a a « n > ^ r f t a a ¥ w i > ^ « a v i , M < > < i * « n a « i « B a t < t t a « [ > r i 3 y ; \ < * » « a » R i 5 i F : f » < i 9 t a i f J i a a > > a a ' S B « ) i . i > a « a f 4 a a * « » a * w w a < i > > H > t « u i ! i i . K ' t 7 s i ' N u 
< i > i W 4 « > A « « B i < i i . £ ^ i i K K a i i L ' s « % k T i . i n > . i i « H K V K n « B o v « a M V t > « a a h j ^ a ) k H « « ' t M « ' > ^ » k a u ( t > > . j i i t ; w > i t t i i ) > a « a n w « - « a « a ' t K > M B a n i * B « K . M n r t , f « 4 : a a v a a a a & O i a ^ w D ^ i n B M u i K a ' ^ b v w w i c i t ^ j f a 
n a w R v n ^ M B a i a B B i i i t a a a n ^ * M i > > M i ' « « a a i t a a M ^ « t f p a s t v h a u v v i i a B i t i i a i d - t i i * a l t v a w M * i a ' « • • ' « * ? • « « > « « s < a H M ( E i i « a w B a l * i « ' < ^ ' ^ B ' ' a a * * a 4 ; r a a ' ' ' > e T a a a « i » a w i t t i ^ B v v K r i A > * 
« T ! a M C « f l v a M ' A A i ' « a < f f c r a a K B t i ' a a a t .a(«a j a a w a a a t i f a r l a a v w ^ ' K A i ^ f ^ a v i t - ^ - ^ a t f T ^ V J t t a c a r r ^ B a H a ^ a a w i i a M i t x a a u S a a a u a L * r : t • « « « H » i i ( r ' ( « « a w » . i > « a w « « a a i t ^ - . « i i f t r 
a a a i t a « a n a ^ ^ p r a i . - M « - a i i f r « . > i n a » # « a « M B . « a R r i i « a » 4 a a . a i i 4 n w a » B B < ( « < i , - r r k < w a a a a ^ a T i t a a H a t t B i t i i 4 i H)>a««* 'u i (« i>t '^>>«<- -~^A! vnKf<titK<»miiiiM::t,unK^»''r.iima*ii'*t]S 
* « r a « > - a « ( t f . i « , , i t v a h , i - » . a i * a . i * « » » « w « a « « w * i i ( . | i ' i n p f i . a a « B ' * » a » a v . J ' a i - * - * ' . « a a i i u a « « o a J i B a » i ^ « ' » A a « « P * f c a B « 5 » l « ' > i i r i ' ' / ^ » a , * • < ; « » » ' a a a « » t » a B » » i i J \ * . » ( , f a a » a a n < 
« a K < i « : « i ! a i v : J . ! t : a n a B a B u « a R « a r « « ; t n i « a v a > t a k i T T r v » a K B » a K > a « i » « r K H H > t » ! « £ « • ' < « ' • » ' > » « a • » B a * < < B V K ! i « B M & M j a M > > * * U - i j » a a a a a M a a * i « » ; t i i n * i e a ' H J « * r * < * » i " « 
a » a T : i ; - « ; i a « a a « ? B B « « > » a i r - H K k . t f r « i i H « f l r . i , - ( i i t « a H » f i # u v i > * ^ . ' i * ' B k W n f t t t B a e a ? « C M a H ' . » B : « a ; * f a N M M » £ * < « » i K « < i . H « M | » C v « ' S ^ i H « ' - T t f r a n i a i a a a i ' w a a U d i i i a w B H . a a ^ f c a s ^ i * - * 
• t I l » a « a > k « > ; > l ] » a • ) C I a ( I > w > l C I a c u 4 ^ n > < « E i i x l V b a A n » a D W H h l ' N « a * > r n 0 l < a ^ t s w « • 4 J • l « « « l • a ' I 1 i l t v n w « ' * > « a { I a a « n o ' • i 1 « a t f b A l ' ' • a w J t « » , ^ . K u a u n a c ^ a K a a M a a a a s u i i a K ^ a t a a n i R " 
« w v t f * - i ' v u . t f « i ) i V V » C r . v t t K W 4 r a * i » V ' > i s i Q i a j , ' ] - 9 u a r 4 n f ' ' X f : a K a c a a i i « 4 « a w t ( a a » > i « a > ' i a a < < a i ' a » * * i > ' » ' i « « A « ' i n > t n « w » ! r < « r « s i ! ' e i ; B C ' B v j i N a i i i N a a n v i i k K M a H i B u - n a c c i B D c f v e b i p ' -
£ n w a a a a a a i A ' ' i > t b ? > « ' n « i « * » B a i c a a B D i > a ^ H a a * ' 9 M . t « B a B . i a n i ! a s < * a a k ; , « i k i a » a i t i g > ( i i £ ^ a < j n ( M ' » » a K j k B a 2 a 8 a a i ' a a a > ^ • t t a / ' a w x i a v » t o v H « f i e ' s a a a - a w i i a : a a a a - < B a c M i ! i : i M H 
n « h » « B t - H - t u k i ^ w i t i a a B W M » a « : c ^ H » a K a * t i « B i ' i ( k h ^ > > i < > ' J i > J ( • < » » « . a i - i K i a I B v r a » . B a a M a a u < ' ' > « 8 a B » « • n a < r ; < i 4 > t » K > k » B f i i t « a i a c < H ' « » M i i u i : un(Tati '»<ii»wii i»akiiu«. ' ' .>-.MKHatCE^t.i iea<aip 
a « u [ > . > u * a a > t > x 9 t i « « v . « i j a ! D » » , « ( ' « M B i t ) i » » i « 3 * i « 9 i > a « ' a u j u n r « i f M K K a b i E b e a B « « ; a a u t : ( < < ' « K > r i a i W « « M » ; . ^ w : i i a < i i a t i K « i j > l E A - u a v ) 4 < . - > » a i ^ a i a » ^ n * r f : i < ' ' « u * t a i « i ! a •K : fnw)> -u« ' t « ta^ iu 
^M'•.\0r.lll^'iJisl.lr»E^:m*t•mfiki.M•'l»t'r•!r**vaAn*ar¥•m^•Srlm^t,*\i•»'i^•it;aKml^J|m:i•t\^•»t^mavuMmrK^^ 
• B v a a a a n • « . • , • ^ l « a a ^ a • . l l w « > ' H K > f ^ a ! f a v « l • n n a w ^ a . ' < B • l « < « l ' B M « l t f . r • ' l f : * L - a ^ « « « V a • a * ' < > - < H N a M « t l r i a a * M H ^ • » 4 ' : A 1 I ) v a a « a a c a a • a , > n H # ' ^ » a M a f ^ • l > ) a • r J » 3 « : < * l r « » ' . a • K 
k r : a A a t i 4 - < a r « i i a B « B b « a i ' i c b * i \ « r a > ' ' i ' t : » B 3 i u q a a a K a « a t f i i i a M a a n n k i c v a u i i ' : ' f a 4 i » « n i * a a » n * * > a i i < F s K n t : a « K a i > r ' j . a n > i H r t M M a a t t t ; K 3 M ^ r ( i > T » a « a > . f c . u i i 3 i i a « a a a j ' > a a > i n a > f 
« s * W h r a r « M « a i r » « i r t F B * ' n i s h « i . ' M N u « r a v H ' 3 » » a a n U i i « a < t i ^ > i r * i t ) < u » n ' * « D » » w i £ V « : ) ; M ' a b » r f ' ' a n K K « f c n a a M « i i P ^ a a u i g [ i i . d t i - i d M A a t ] f t : . a a a ' P N a - i < i ! n i » « i n , - i i > « > K ^ 
' « a t . « i i a a n w w D < f « « v i ^ i i i s k > i v x ] > K K « i - « t i n H a r t « » n ( i K i a w ' t a H a r t » i « i r i v - r f * > j M t o t a b i s f - v ^ n t . ' < i V ' 9 a ^ « i i « r a ( > n c « H M i i i v u » a t : « a » i c i > ( ' M i « i ' i ; » ( ' t a » u a i r 
f •a't'MiiV»i(t»-»HMo» • a < t i 4 a ( i i « , » r « ' v ^ r i i i • M H * 4 w « « C i ' i i 3 a a * i i a n t a « a « « u « s f ' a n i * u E i ? B a n « A i < i i « « v > i n i k . & ' a 4 i t L & : a a « » n 4 i > j u : ' ' * B a r * f e a t 4 l a f • y M K B a • ' a ' • a l B l ) • r | a i e a l k l l ) I ^ • w l i 4 « Y 
B « t B « a « « 9 a u a A » t a » » a a : n « « a j ' r u r « » a i a » T i h U B « a u v ' i « i ' i > s < > a Q u « « i « e a ' N j ' » s ^ i t « » i ' ' i . i > » > « a e ; w * i w v ( » R « « n & v , a a r « i t i t i i « « n H a K i 0 t ^ o K » f - a K « b a r » N M i n n K » H i t r * n ^ i i a ! ^ » v t 
W ' i C K U k i < d n > « « a ' t w w i h a u A N r a i i F ! t i < a a i ( » i r u a : * 4 K ; i i < i i . ! t B a M H n i N a « » ' « a t i H u M i f a M a i i ) u a i * i ' f ' a a 4 a a * a n « r a a a n ' : s a < i » i K « ( ' ( i R K B i t a i n a e i b « « b > i ^ 3 M a H W K j i h » a r « - t 4 8 . ' > M r i a M « ' 3 « a 
« a a « K i * « u i r H i * > a i ) a k i i i « : < i i c ^ i i u a a B a « ' e a » i ) k , a « » ' i > K c « a a « ' i i B a i > i « a a B D i : . * . « ' i ' : i a a i > n t * « « a a - ) a t < B B w i a H i i s H - i > a a f e a « < ^ » m B « N a a a ^ H R c a « i i a c i « u s n . ^ a a ( r B a n a i i « a - ; K a « B B a > > « 
a > [ i « i a B a " « s a i > i A a a s r i e n i u L n r o o a x K c a n t i a n t a i i n i ' r f « i * a i * i r a ? * ' a # a i i H k M t i u v a « a K i ' r w a a H i i i R ' a i ' i i ' r i i u i i « « a w ' i t < i « u ' i » t i £ n » f . « i « » N ^ n B a ? f i ; i H C r n a a v i « a « u ' > w D i i i i i a « > B K a a b < ' * 
B t s ^ j 9 f t f t r « : « « i > K « H t r « M i B a i ' ' ' « : ' ( ' ! a a M A « t ' n H s a > a U ' h a k a K a ' i V | i < H » a ^ « f i a i « e & t > ' ^ » s B V B { i 4 a 8 « i > i i a s ^ u K X « w K v * « B B i t > « n ^ » « r : k ' a - t t . K . « a « ' v 4 j * ' 3 * ' a * a n t t 4 C M K « K « a i s « s 
c i H ( i a i i a y e ( i a n a i t » a K - ' « a a a < a « t [ » a N a « a « < i » a a « » a c > ! 4 u a u « a M » » ? > t « i > n « K H S v - : ; a a i « ' * a « a > i M U ' s B r r x < a » 4 * a < ' i » h 9 « ' > « f M t t N a j > N - < a K ^ W 4 < r . f S ( , B a n a * a i r u k a a ) ; w « t > ^ i r c B a 
a i r b a n e a a « v K i i d a c a a « r > . < « a > > a « ' ! ' > ^ v u v w B 3 B N r ) « M « a i > K * R e H i i « « > : v i i ) r ) a r < ^ D > v i l « B > i a a a s ' i a ^ c v h M f e a t ^ B « > « « r w a 3 i i . 4 X « f i a i > B - « K « « 4 > i n W B a a « a i B » ' : v « 4 x 4 i i ( « i a M v i n i - a w w a 
• • « u a & * a i > i « t > t t * a H w « « a i » a n < i a a A K n r i t > n ^ a L i i > ' > i U f l b > B » u a * ! j a « i < . : r a a a H R a a a r . a « H a - i ' ' « a a « w w K t t « M t ' M K < i w t i B ' i w B k < ( n ? « i > c : W M E U a i ' ' ' ' » v a » B a : | u w « u K n M < s B n a i i u * ; k » i > ^ 
< - « k i n M A a a f w « c « a n a > t « » n i t i i ' « * K # i t t f > ' < £ « i a a 4 i 4 K e ' O M k ' ) i - . j : - i r w n M * ^ k ' N « a t a i T a v » L » : u u a i > i H i r u : i a B t > A M a - « n u B i v « > < < > ^ F « f B a E ^ B B n v e i r « Q a u a B k r * ' ( - » « a n N a a « t < « « 
R S f v » a i ( i ! ' a » i a ' i a a « i e i i . a f t a a a * » n " j i « f f : i K a » * a a a s * * i a a " » > a a » - . t . - * « ' K s a t * a » i f f » * a ( . . - « r a r i « B » » * w i « a * i i a a a « a a c a ^ < * e a c B n a B t i m r f r t H D a a * r r « a t i i i ( a h \ » a a a * - » a » A t a * a i > w a 
k V H i > t < t : B a a k B i - a B S 8 B i a J ' j i a a K ( « ( . « ' - n E i i « » w i r N a v a * a a x u « a t < i . . a « a a K a M t B I * M B i i a a « K ' . > n A c n t t « ^ n ' r 3 a a f t a > 8 ^ c « B « * « V 3 ' « > r k ( < . e ' : i t a i . v > ' « « a r i T n » t i i i i a « E ( n k a a B K W J i « u 
t a 4 * « « s n « M a v k s « a - ( « » r i » i > f l ' i . ^ C J i u ; w K B c « n » C « n c a « K i ( t i a - > R » H > > a t r M B n a j b « ^ a f i W « c a b « v j > . e > v a r a « « R U « i i > ) C ( ^ . \ i K U K n B b w K a r < a K ; i r i i n r M ' « K W < i ' j « i > i i 4 w M v » « u u H < o » r a 
• » s i Y > « a B H a a * 4 < r i [ k i « B a t « u a M r i i B ' s a « a b P < 9 K a M M ^ » K a k > a u » < A K - . i i i a i i u H ! i i j a a a r i a ' > ! W v - a « ' B a * ' ^ i t ( i a « i r f i i r i a i i r a - t n i i v a a i r f a k i « t E ? a 4 « s « i i a - « a < : c d i a < i » » B a s . a B n a i . w : i f » r n t w 
i t * ^ a « B B 4 i n a i « a v s * > H i ' * i > i a K n i i i a a a E i . i > M « t i « r - i e s « v t i r » i * n v ( i * « B a n H > * s * * r k o « n H ' : ' ) i « i ' > i * K v v i ' t ; a H 8 « « B > ^ n i a i i i : D a 3 s x « a j i ' * t i i i j ^ w a H ; i k « a * K K » . B i i t i v t r ^ a a a u t f a a i f c i r 
t w i > a « i M t , a a a i 4 « N B » ; > i i ) t > r < « a a K « « r « n B t i « a K f l « ) i t a i i : * « a « « a a . i a a a » i n M H t . a w i » i t < K i i > s i » B K a « t r e . f t i x e a r t c L M * i ' S B ) r u « ' « > 4 . » a > i » i ^ » > w « i i i i i i M » v u t l i « a < * a a n > v * a i i ( ( i « K « H « a a w n a : u 
« i « « a v ^ * a a ; a > r « « a n a a . u » a c » » i i * i t a i V A s u t i i i B i » a k i M a < t s a > > . a v ^ N i 8 n ^ ) ' ' « > e c i a B i a 3 a e a - ' A R > a * - » t > A x ^ ' i i * t t c v B * « * a » > i ~ ^ H k « - i ^ a « M i i M « a « « K i i : i « a « « v a c w i i j . ' i i ^ 
jt « ' « ! ( > » a y r a a 4 a 4 i u i L i i ' i . « ^ ' t E i * a i K a i ' ' w « A a i t i i K 3 i H J « s i : i i B a » N » a a « « u ^ k a s i r ' » . « ( i i i « w a a ^ i t a i t a i i i a w d V < t n t i « a a « « « « » « ( . * . • < B L . ' i ) - 4 N V j i t - - < * a ' « v » : i a v * : » n * o « « « a ' > f « 4 a i > B » t c k 
a « » a a i ) n B ( t i » k a > - a « a a c « w e : i T 3 t » G » M H i H i t N i t a i i K « a i i « ' > » » c e ' a « B M t f l » ' 4 u u « i > < > w « a « « * c > ^ « . « > a i ' c < « « i > a a r ' a a a a * a u r a « * « B » « i F A a « j ; » n K - i H ^ > ' # a < k a 3 t a H B B - t B a K n a > > ( . 4 u i * a 
• ( a l F « a a a H ' v a a l i a i • > « U B V K n ^ « v < « i • * « a " n a a w • ^ n B * » • • M a K « • H • a ' ! ^ i i r * - ' a v u a v l I a ' T * ^ I ^ l ' » a K M « a M » < > w r • a v > r M « • • . t B U s t ( t T l O ^ ; l f f » > l u . « • ' • n n - J n ' ' a • a / < a > ' 4 t > l » » ! t V > • > ' M t ' J a « • « « u a 
- « B a « a « a ; w M a a a « . ) « f f « b a « K k « » t J B w « n x » 8 f < u « M i : n K » u U M V » . I A t i V j r i i > 4 t < w i > ' V i ' ( » * - * l ' n > w a > < i « M » n i r a } i B * u a a n « B F i j « > « B ( > H e M ' t a » * x - n a s h a a i K ^ a « H V » 9 B a n i < a i « ^ i l > « u b ^ 
v ' i * i i i a B * a » i « « « « - » » i i o s a ^ i i ( « « « F i j » * j i t a * B u a * « r a ^ a * I I I ' " • # * t ^ f c n r t « a a # t i i i J i * « a 3 a i » « . ^ a i " » ( ' « t r o i ( ; a f ' > a B i * » » . • • • . ' • t i a f f - ' * a « a « « j i B ( « « 8 * , a « u a « a i * a a * B » w j ( f t » . ' « i ; a « t t ( w * 
• « B i ( * f B « a i i t G B H u s r i » ' N C : < ' V r • w a » - t 5 ' * « i « i « » B O i i a o i « " a a u » B i « a r * ' T a a * « Dfl « « . ' B » a « a »• • ; • » « ' * ' « t i U u « " a B « r a i i « « « . ' i n a ? i * a B T a M « v « « a » a * ? ! * * * ' « ' t ' ' ^ i ' * « i ^ v i T » a a i t i i t r j f 
0 8 8 ] 
K B k i 
a i l - . ' 
s a s i 




8 « a l 
' 5 ^ : J ;5 Bll 'Vt 
BR. 3 ) 
a » r i 
i i i> '* i 
a i i v f 
N a n a 
•^k.c« 
a a B < 
« K a < 
a « . t a 
v e i l 
r)t>8i 
K a a i 
f a c -
l ) ' 4 l . « 
icsa;i 
^'^ 
^ ^ V * 
U W B 8 
irnae 
« t 8 l 
• W B 8 





a i a i ^ a i i > u « a - . i i l * i i n n a « . < - » « « a « B " a a « ^ n a B t v « » « t . c F K a v « * > « c P M » t ' a a u i > t » i i t f j i f t b c i . H d a » d i ^ « a f e a a r i : h a v 3 : t 4 < t ' V « « H i i i - ( > a K - r a M i » » V H i * 4 a M s ^ « - * - < « « i . 
K i < » w a , « « n « B v n r r B n a « ' H M - « K j a W a t . a J > < « ' J i i w x n ' b T * * i « n t i i i i » < i ' j M » A w i « A ' ' ^ n a r > H a n v u a . 4 * » t . t t 4 . . - < B a > i » u H n < « ^ H * a v a B > a . B : i i n a « R * > a « n t - i < r ' « « n c 3 i a « i . ' r > H 
a f l « « a K ^ » w H « « j : M i > a » b i ; a K a v « ' a : i K « a a « i 9 H u i - . a ^ i - . ) i a B a ) i n > M a a H - * « ( ) « n < n i U B * a d i i * 9 . i » A a a a n i K a ' i W B C t « o . ^ t ' » v a ) i « « a » w t ' j a ! H b a t i i a ' a - ^ i « e c n * i < ' i : b « T t i t « ^ C j « B a » » . b < : i > K « t i » « 
u B V w » K K a i R H « ) i . T n a « v n a r ' a « » » * ' a < ^ ( ' K » b V h ^ i ^ M a a k a r H a « > i f E « » « ? a n B > i j : a « a . - t i a v « i > B ! i « a 3 i « B * i B a a « « ! t M « » > * K a a « A ' * a > i n » « a > i - c « t < H ' . t a M ( : a r ' 3 ' . ' B i r « * n 4 > F . « > n a v K a ^ h . « B H « » ' i i i > 
« ( i i » ^ < ' n n f c « « ; > a b a a < i > a e » r v n u u N n a M i ; > « M i i ' s u a « i i l ' ^ < » a n i i i a B M a > ' « « » M . i > k i i M f i i ' a ' « a 4 . i r ^ k s A > > « , T ^ W U 3 a f f » > > « B R a i H i t ' a » » a * « i c a ' ' * a » a ' n u a c i j ( B M > t « < > n a i « « ^ a w a i i i 
« i t * " a ' * « M » i i » : a a » ( a B a » a a » w i t « a » ' f . t i a B a a h B B K a a a . a ( k » ! i * » « » B * « « a « t j a « r « a « t . B « « ' i s « » a n a » * ( « > B » - B « « * t i > ; N * * - B ; i » a i . i » a r t B a a ^ B « a a a » « n ' ' a » ? t * » M e B 3 c a a t - « . . K a » a u ' » « « . - i r 
t i n a ' : i a * v N W M « » « u s > i P k ' « « i c u a i > « ' i a ^ « N a M a n n v < < « i « t a a a a i i e 8 B i i . t i X R w « » - t i i e a : B « L - a i i i i ^ a > » « « r w « i ? i F « a d » > v u i » a < > - i » i t a « i B a - i s a » s * w » B a > - n a v e k K ' i i ' c - B R i 5 ( < K a i u a K ' > R « r i e B D « ! u i n 
n a a a r i K t ' t - a a a a a ^ H a i k r . a a f i t M W K t 3 i K r ' * B « a i i t d « a K 4 i ^ » a s a B - < v r i * t i « f 3 a * i a t i B « b i i B K e » a 9 n i B a i a ( t i ! C ( i . i f > « i i u i a p i a t i i r M r n o « i i . u « « a r a « ^ K a a j h i i f . ' a c « « 3 ^ a a < f t a i A U i i w a . i i < > 
e a a » i r . - ^ a i > B K a B H & » a 9 m i i i e a t i < i > a a K a i i i « ' K 4 M r « « a a a i > » < ^ i > : * a H i B M H W ( > ' > t ( K ' ] K a ! t : a a a a ) < A B ? « i i i . ^ f i a y « w » > * i H a a i ' ^ a ^ i M a v t i y a i K W i i a i i f b n i t R i f t i c a r a n g a n a j a a a a a a B v a a i v a a b K j i M 
A B ^ t ! r « » i { 0 « c c » a » f . » i i M p ^ t w - < s « > > d i i f a M a a n « i n u < a ' « O a a i a t f » w « v B » * a a » « a B W N > t n B T B . i * a > i i » | [ i a i : u « u t ' a j , i i < B a i L i a a « i ' M j 0 i i a i ^ a « a £ M i i H a B a « * i a H « > t ' T j > i i « d - | « a a a a r a f t ( < d « i < * « a > s ; a 
a T i - < » u t * i D a H f i » « n ' * a k « i . « a > a r a a M W 4 t > V H B K a i ^ a ' . ' M a a a > ) b ^ . n a K a ' t i a j j « « » H a ^ B a » v > ' a B a « M k # a a 8 i ^ B a a K n M » a A » i r n i * a f i » t L i . > ' h < » « u « . s a u a . T D a t t A a B B - ^ K i K « - n « 7 F f c { F i . - > r B « b f n 
t « « * « . » r . a i i > > t < ^ * a ' < d B a ; k a > * H ' « a « i > i a a « a a i K a a B n j > ( n a a a A i - B B i h k i . a a n ^ u a e a i x a a i a u v a i x i n a a * t a « . < - • « x t a a u i V H i t x H U ' i i s u i i i ' u ^ t e a , • . c « t B S G « « a . t i i i i < i M ^ b « « « a « S R « l e x a a v n t K v i U 
* » » ^ a c » ( . K V M ' ; t » > t i * a n - i i t > * u r f B K t i ^ • ' • « v a a n « i * 8 B e i > i i t « s v H » K C B n i | i B i « > r ' u s o t > a . ' 3 B « a « a r i i a ' B « i K i i i k a a « u a a s s B a n n T t ) » a " : » « r a c ( j t f « u K M ^ ' « ^ ' ' « • « " < • ) ) t j A B K M « * < / • • • « • » & Ltii.ti« } i a 0 ' C ( > u « ' « ; t > > « < i i j . a 1 ( ] a u a a K a j iBt '^*> i> i - ' ; . f« r j> )«aa« ' l ra 'a ' '^ iL<( i i t 'H i ia ; . '3 4 a - i n a i ' ' H * i * i i i ^ n i i - ' i . a N V S J ^ e e B F a t i a r a n a t ' a a i i t a a r a i ^ V i ' ^ M ' n i i j | « t f ( i A a a : * a « « i * i ' a ( i a a ) i e p . - = « i a r « » < 8 » « t r a > r 
f i t a a » < c « ) ; » « « » « ( ! « « a « a a a * N ^ H h ^ A a • y l J D • • 8 < f « « • « * « a w a t J i > a « » > 8 « £ r ) s i t « * - a » W J > a M c ; f i r a a « i f t K a a • • = ' ' > « • * w a r a a i p a w | > i f e a v i : : a A B 8 x a « C i a t r < > a * n i O H ' « t o * < a K « V M H a M t t . ' > s 
a i « * R y > * t < ( a ^ a 4 a 8 a a M W ! T w « « a « i B i i i ' ^ p a a « M i 
« > J t . a a i t a j i i w a a « * c - B a k . 8 - > a a ^ * i t > a a B « t i a a a i t » « 
a c 2 8 fi ikTiA a c i:tr t « w 8 f B U K M <v« ft«» » a H » »'a c» R ^1 
a « « a a > a a £ . i : a a a a A > i 8 t i ' t i r a w « 8 « 8 a c B a p a M 8 . ' D a ' 
* a a 8 * i l i [ L i » « f K t « u g ! a t « W K a 4 K 8 « a i i i < a w a ( i 8 g t ^ 
. i v s » : i a u i i i « i M M a t i f « N ' * 8 W t i # i n h i £ a a a B » a a 8 - M > . ^ ) t 
v » E 8 i a ' / . ) i > U k i r i 8 H 9 a » 8 a * a « a f r * > « a t i 8 v ^ . < : « « M f 
a i 2 . m i ; o a a n i v i ' A « v 4 r « ; « f t u n > i « 8 8 r J ^ K i i b i e N a > r 
* a B r a i . a « * B ^ i n < * f l * « ^ « B » * f t t a i s » ' ^ ^ A i n a ' » » a i » i ' - 5 f c 





i * ' » - ' » p . « 
a » ? j » - a i 





• * j » | * i i 
> a « i i ( ; i « 
i8fci*tVTi»a»8o!ua.f'A'i»-iii*a«i»*»in 





Musaaauaai «ilii<FaBaU'*a«*t<:tr ahnrr 
« l l i r f 1 l 4 M v ^ ^ ; « t i > i 8 « b a B B B ^ a h W B N ) > B V t l ^ . . 
• * / a r k D R > « i K < t f 4 ' U « j i ' » a < i £ * - « A H % « > ^ « w a B a 
Z « W » i < B a B . ' * > i r 4 e ' a « a M K « » t i r r ^ a . t « : 8 ' a 
a p ^ a a a o r Baii .>an9ra « » » • « < ' r ^ a : i a K i i r > r . " ( i B H t r i > B B * u ( i f > < 8 * « a K « » ' « i « > a n a a « i «<: ;«« 
5 a * » « a « * * « i 4 t . i a a t » 5 ) ^ 5 ( * ' ( » 8 a j « > . i 8 * * 
M * H < i « * i a 9 > l l 8 a r - d V - 4 B ( « 9 . - : 8 l F - ^ « U i T » a ) i a 
a B e ' u i k > H a « r - . v ^ 8 a B 8 i ' H M r - « ' * M » i t a u a a 
t i i > . i < : a a 8 » M K . y > i a a a a c u « ' V t K < * ' H 4 K B B r » 
£ i « 8 c « | t > « • ' • « * » » K a r . l i f * - ' * * * » > « « « < Ri a 
i P « l i i l » a 8 8 8 S i i B i ' > t i 8 f c P « » » » » ' » > i » a e » a 
A ' * » » * « « 8 ! » r > i e « B a a » a r . » i f B B i ' a , i i » » a 
• h « « i M > f i | i ? i t \ K ^ ( - c > 8 N M n u * i > « i i > t e M • !« -«« 
a i > 8 r * ^ « N i > « a « b > i ) B a « a M B a - t u a k « a « a i 
. / • ^ T Q U i c M i i M a a a i K i : i « H a i > i o M « i * « r i a i r t j a ; n M 
l « « K H « < . a i 4 . j i W A t r J t i a t . a v > « M a H j i » H « - * n 
8 % V a * 8 i * i > « a u « x a N 8 « i » a u i f a v . a p t a a b 
9 » » a b i i K a ^ » < « » r a « J K v a i afmu<if*ii»t 
3 k i t k i a 8 « i ^ n a 3 i 8 « a « n K i i a i > « : ~ > < ; a » « « w « 
« * • • * « • • x 8 v « H 9 i B S h » < > * i i » * ' t KnB8aa<i ' .Bt- , i t 
V K ^ s a f i H B U M a N i C H K K i i t H i i a h i i n B a n a d j f t , 
a ' » | 2 « ^ c H a t ; t . ia '^--^>bi i iMH.*«fBt>'t>t iHaaua 
a « H « k a i ' a « a a 8 i « 4 * > t f > « a H i i : K > i . « - i w < K H a 
) . 8 H « H w a « n « i i * V ' d - j r a a r o ' i « k a u y A « i F a 
« u a M a v « ( K a a « - b K > 3 f > 8 8 < i i i a i c a a v H a a ^ i ' i 




• »»fia naoaa Bwe(ivut.»Maii.w>iaaa anua 
va'KO.'dHA'VBKir aaanai taai i f ia«wwitiia 
^ft- javai^ivtuiaaaaanuwti iaaaata^afie 






! l l . « B K X t- a i t a B B « l ' > < t « B f f V a 8 » 8 8 t f H 
6 P i * t a « a a 4 ' i i a c a i i « i H ' % i < ' > t # a A t ( 8 i i i « a 
l H < > ' ^ u t t K H 8 i a r B T « a a t t E ^ r a a i i K K i t ) . 
a a 8 » u i » » « 8 B a U 8 8 « a « a i ^ . i . 8 i 4 H « a 
a a i > « K « « ; b i t « i w a - « a a i » B < n « A B f t a a a 
H n x w i ^ a f t ^ ^ a * ^ * ( • • a i i x 8 » 8 a x < v « 4 U ' i A 
a « 7 C » ' < i > ^ » > j 8 > « a a t . K « B k « a P K H v f > < i B 
tt«w>cH'MiT'«i~aria^'tanHWJ4uM(ii*Kv«;aaN 
a « « ^ ^ f . ' « c k . i t , > i » > ^ a s « x < - ! J 8 U « ' . a a a a 4 a 
^ i < i ^ l | n f / f < ' r i t t i a w > > « * « i V ^ i ^ > t i < ' n a a M w a ' -
« K ^ ^ t l < i t i a m h ' « a ' ^ t ^ | t « T < # ( ( M U 8 a 8 a 
2 ^ a r 3 * * i " * i ' > " f ' ' 8 0 b < * a \ c i i ' a > « n » * a a r 
< i n : ^ i ( < ' t s n x f a f k . e ' s m ^ K » l i ' i ^ v # < f « « « ' > > N V 
a * « i « B u s i a « i i * B s a ' M i x u n i 7 l R « % T \ i i w » 8 e 
a c n 8 a s ' ( « i a - > « t i > ; ^ a i > a n 8 * S r . « i i \ « M B i 9 
a n M f i n i r w a ' i i t B a a M f c M ^ S a i i t ' W K a i L V K i i i i 
a a » 8 B n T i i 8 ' l \ > ; b : ; 9 a « a v V i e e 
a pn«»a A a f j o a fft^B a V rf e 8 t V i i 
,,«'N«'iiMKMl^lii!^aitVX8a j i 
' J ^ a a i c ^ A r a a a a t ^ f i a i i ^ a a a 









«Buswisii . ia:4a' i8a>««^uii« 
i : a U t i n u c W i i r ' « a « 8 r ^ B V t , I B B a H 
a a a H « b a v * i i > a v a r > * i T « a B i i b B 
k a * i e e u « d 8 a * t f a - « a 8 K ! « ^ a a > 
n i M s . 4 a a « > . i i a t t a a i i « < iMicaa a i l 
^ n u i a a t i « « i T « k a > ^ a e c j j ' , ^ u f i u 
M B B i . ' W j i . ^ n j i c a B B i i i a y i . v i a a H a 
a Ha>a • • & » « » * 0 « < « » H i k 8 i I 8 « 
* a « £ A i S - f e 8 U a N < « « a t i » ( - , i « a e i e 
• w K n n r j ' a « 9 i i i n a i i a < t « M 8 i t « « 
> i < i « i a * ) r a 0 8 a a i i « r ' « » < a a a v f v 
i f . R a » « i a # a c a 4 a ; i a Q y i t B a B k 
i i « « > t * M f a i f i n ^ a a ' a w > ' 8 » ^ w * ' i r a 1 
i a 8 4 * , 4 H B > t ( k i B t » W E 3 i a B n k i ( ^ 
• • a a n a i ( « < : ( : u a « H a > t t x i r * i K a * 
a f f i i f t 8 r < * ' n i » c p i i i i ' i > B a 8 9 « r a 
t i N R a a h c : u * K « 8 « « * D l i B n T > i i i 
a a > t n w ( . B i i i H a » » 8 a K U a 8 L - 4 wv 
i d B « « a a 8 > A a H » « t i ' ; i t * r r i t i i X B i i 
, : K » « a i . « f l ' ' « H k i 3 1 ' a 8 H B i r ' < a v « 
i*icn*«swv«ai<*j^>aib'uat» 
> i 8 > i i « * i * « . i a n i % " H U f ' - > i ' S 8 a > j | 
fi»Ma(c?8iu>&ofi.ri-Haaiiniiiv 
aa*««#B»>ib. i»k«. iHvat i*k8 
iM«waK«vf>B8a«waBaKa'tt:« 
a a a S v a a ! 
^ a a a ^ u a 
« . b B i l > a » < 
« « > * 4 8 C I 
« U » u » B a i t 
i i i i F j i i r B a « a 
k f . * : p « 8 a i 
B B i s u a b a i 
P t V H . ' f i t a i 
n a a n n ' . * ) 
d f l a » ) > B » ] 
e K * : t i a « ' M ^ 
r * 4 » i a a i i > i 
' f i i ' U M ' i a r 
u » R a i 9 « i t a 
a a a a a w b a 
j » a M a « a a 
« 3 « ^ a l • l « a « p a 8 w a B * « H • a « 8 u V t 
• l a i i i - a i p . t M i m E i i i K i . - i v n r a u i R ^ a w c 
u ».N 1* s N i c a iwB B « n i k a J V h u A a M V k'I 
t > a M a i ' a K i t w ^ £ U 4 . M i r « 8 v a * f i k b ' k H 
j ' ~ a i « i K 4 * ' « a , i i i ( « « ( > ; . i i i 8 M a a a f l a A i i 
a « M ; t i t u * « » i i a u n 8 > 8 « r a « > i k ? ^ ^ 







W8»vn8KMhita>i#M<8wa8Brat9*a ji>'>it»«tis>iMa v»'a««i8C8iHi-|ia K*'I> 
-^uavaa^uaa'aKit i tBavTakhtfn*' 
• I t ^ B « k r 8 < t U n a N I » « » a « 4 8 l f «>!'««<!:» 
airA>iRBa«itiua-j«8e8a«««B4it«« 
"T* ri>«a8Wp» aanSaanafcOkw/A. 
.Mlar^^tl*BInua)tMtu!tt>«alii8«AB 
IhVt^tVMWBW^BaaBnairaJlvv-r'm 
«*Siiie(>«c«3 a«i ip»nari | i i f-^v*m 
b t w « : x n i ^ | k e l ^ ' t • a l > i ' I I I « • • • » - ( U N 
a u u L^a a « \ M a a 9 a p J K a V •• 1^ u !• M M b 
• t B e ! ' ^ a * ' 8 x > b a « * B a H r 8 4 t o a a * 
V U i ) r a B l ) ! S a a ' . w « i ' k - B B a j i K < a ? * H # 
t X * ' > » s . a S f c ' « t i ' > > > « a a a a « t k » e S # 
i i | * S 8 ^ / 8 l ! » « ' » f i ? M t l i « k < » * . > a [ l * k 
a « a ? « ^ 1 « V - ^ ** v i u t x • > * a a * ' 8 c w 
a M 7 B - £ ^ S v u c » » < < * n M > t a a B h n » n 
* n i i » a . - a B 5 ^ e a o - s C i M 8 ? ' i p . # * * » f 
a i » a B a ' » « « t f ^ i a * ^ £ : ' J t * & ^ a a « i r v 
r n 8 a « a * » 8 « ; K » ^ * a « 5 » " i l i t t f * »• 
( 8 « V M ) • • C 8 a 8 > l » k . ^ W 8 • . ' : ^ « - i ^ l : 4 ^ 
t n ' X H ^ . a a i . f . ^ f c a i . t o a a t . V s ' J 
o n t a B f t ^ v B a B s w a i B R a i - ; * 
' • C I r c C B J W 3 8 8 » J t l > e . V a t ! i d l l 
a « v « a 8 t > v i i a « . ' B a 8 > r i f q s 8 « > 
c « i . B a a « 8 K r f a 8 s v ) i « e B 8 B i i a 
a i i r ' a i L f . a & K i i a » - a « « ' i u « i i . « l i 
- M n a a w w i f aC i>> . f r W B M V f l i -
a a u i O K ' w i p ^ r . B a ' i i v B H V N r S i 
B->ar - i i i^a i i i taw: t< i - i i ,>BB«i iaa l» 
a B B B b a v M r r a f a a ' K . n f e i i a a i D i 
a a a a a * i « 8 a a a 0 « a • •9»«*" l 1 
a a > i H a a k « a r a i . 9 i | P t r a « 3 « a i 
v i A > a f l « 8 B i ] a « a i . - i ; i > 8 8 « > 9 i i a l ) 
a a ' « 8 a a a a e j 8 < f * » A 8 » a ' ' « i i * 
« a ^ K * a « W K a « a a B 4 7 H 8 a a i i - i ' 
a « K 8 « » > a a < > n a > M a n « « i ) 8 a ' « 
L T t a p a r M B ^ s P n a n i ^ B B r a a l ) 
a a i . a « a i i » i a a « i b a ) i M x » ' « ^ a ; E 
a r s f i i k i r i i i t i a v A n s B i i i i D K a i j ' i 
y a « t a « c > a i t » 8 > ^ i ' i - B a « k t a a i t i 
^ . « « ' « N a w « a « « a i n ' < < i « a « A 
a v a v i ^ a v i t A a a S P B A a r i ^ a a t 
v B B a a a K a s i i a A A a a a w . i b i ' B B 
* 8 a a j i V ( i i t a > ; i i V 8 a B * . k 8 * « 8 
b * a * « « B - > a 8 a ^ c 8 w ^ » a « c B 
B « n n t » a a i ; : a a a K K r a k « * . 9 ' ( 
t a i t v i , < < a a w < i t K o x t . ' a 8 £ « V B « 
>(>*• 
N B a a 
f » 8 B 
m a a 
?a<aa 









« * p j u b« 111*9wi*"Si«lE.L.4;»iii(i-»**mftini%aiii't8i-*rEi3lL 
»aa8a|haw:^aHaatiKrwa(<«fv.«»«nKC'i(k88aM«ii;8 
a»att%jBi<naa*<if«>'«an(--a^ii'8u«*bgkU»»ii'*i<Miau 
> ) l : « B K I ^ - : P t i a W i l ' ^ 8 H P > > B - l ' l ' * r 8 « i S a * H l t K M 8 a | t r * < W ^ > l 
8ks«i.>8K4aha,' ja8 8V¥»acaM t«ieBav«aic8a>4 
»»*«j i tr t4i t>aa' iE«o'aa^u*'a^8«na«aKrK^a^ 
n*<*Haa^abBi>eu.i7»aai*«<ir7B«8ii t i i^«8«8 
t « n , n 3 j J r t t * . r « . 8 » a 8 a « * a ! 6 * i a « » a i . i n t i ? 5 ^ w i » 
ao«R.irwur*ai*l'val«'/fiW««-i5**r([4S5)rte8rf»aBeaii 
««DMi^ aKn8a«U4>*4ji>^^8<i«8«'1^8wHtf*^«a*ftn8K 
«di«<!' «itk*t:aw*>fv«i'>^'*a*»^'t^iwa8a4 4<ii>«aBAa 
'•ii>ki« •.H88«*iiiair'rfB(MKa.i^rt«>.n«aua>>a;Btft-«it vu Maa^a[ «inffiiraaK'^S-i4a>'^t88 a«haaii<bNa(iB«-<!aajp^ 
WKA^BI ,Krcoui8i*8ci>^aii'i^ttvtn»i«'*a«{>••.>«>*i.^k-*«iBB 
* ^ ; * B I n«*t:*ip««aaa8aBfc*wtaf:p(»6*.*:jaTai;a*)« 
»C^»ai «*aa!*».»•«»ain;«(HiP»o»ici B-r-^i3Mr anaP 
B*»t-,«i ;waB^sK«>taan8t(aatlM8fv^3*•'n•'a':aQt'>^'* 
U * Q I > l t l K H a 8 U a 8 8 « K 8 * 8 8 M J i M « U l C l K a i t t 1 l l i . a i « ' ' * . 2 ' l ! l < 
Aa)t«*u.«.*i i iaf av^iiaaK^ ••«•?'• ««'>8a«8«v'ats<«8 
• v'K^.v'iBahiinaa.ia.tiaii'^iaviFUMaaHait.^Sl^^at'^naai. t arifki'IflOfafcdiHa'jKa-** US. «»•»»,]•-»»>»«« J «88«! 
»li6Jij'Eiiac«a*8J--aiias-a»e»»»'2-esBe«»5»«*liiBa K K ^ r avaHDixtaar aw'iacan*'.':>«oii8aa«ai>.»cBf aw 
<>l«rg«|l3a*'riV'iHi'r-4vb£,»-^^Bi), j.i.wa.d'r i8;iBa va 
onvifcalf a r f a*«iiN''^''"*z:«S"owaaai'Ba.>89BW'Xa«can 
a«'>«^.j)eK«v«i«n&«i^raa£ar>'i i i -aaaaa^int • ir8<<i 
8i i i '<iw(B«ii i««'8»»ra«->Br«rr">8««3s*vaii>i-k>'- ' 
»«&•(# |s«ci[awi<K«<i4kacaa a Kf ( M i l wattLaaiaaa 
Butt \ t^* iaa*4t ia«4a8>Bi ' '^aa)JMKaf B'^WMicaaa^' 
4,^''«Ka«ia*^ftikaa>.-i«-jn«adi:ij>«aaka^Mrnv<'a'C> 
ati.a«BBBS«B»8'iB«u4<iMit*j/i^i-«r>i8»<«viiik-». wa«i»( 





|[8ii8Ma><'i,Kit<t;tB«r^'84b la i t r i i - l 'Lbi t taawM^aBNm 
«aa8Hif8iiwnji>u«B<^aa»<A'<«inaaar"i>tii!«ai;8a»*iv 
B«n>Ta ivaaa ic«N>i«i<aht<*«io;<i"U*t>«R88daaawB* 
tta.'3%HHn(w««iii«88a«M«8nf<4£iV8ai(i>'*aBn»>r»:ua»8u 
««8hBteBM8«<^«iia»«*ria*<ni'ia*«arK8att«««a<i«'< i'»c»na:>Baaaa *«a«''>4paiiK-t«aaa>*a«nai.aacBaba 
unn iasaao jaSiiiini(f'8kii.aai,^ tumnrmmtt'i'aitst'fni 
a«a<)a iVHir.ti«•••»* an>.s8«aii>iati"iiaa>^aiw.i«4ana<' 
B«a>rBi>a8aB«*88aBaa««ncaaaat>ijiH4-f8jiuBi:«i«t 
i^aaaa «m:r^aii<cau8«irfei.A.aB3a*'a/iinar>*a ;ia8ai 






n a a m c 
'<ll»i«£a 
* ! « ] e « a 
« ( 8 V M I 
j a a - « 
t n a w w 
» . 8 £ K H 
v ^ a a i i 
a t a n * 
• » B f t « » l 
M l l e t ' a ' k 
»l8»r i |>)^ 
( « w a « > 
^ a a r a c 
u # « « « • • a i a n a i 
« B ) i S > m d X « G J 
flnn'T<Pnaww«« 
r . < « 8 « V H 8 a » k 
a B t t - a M V b n v n i 
i * i i i a < j i a a a j t v K 
n a B - « « < # a n i i ' M i 
» » » « > » n a « i . « ( 
a.«f,rfT5?:8fci, 
K ^ l t l t t U i ^ ^ • \ 8 ^ i ^ 
a « U A E i » n a « » i 
8 ! i a v x « i v B ; « > ' 8 
r . ' - k i a i i a a t ' k ^ k 
t ' H d i i « w n i k 4 * a 
8 k n i H i . a » . i r i i 8 d 
w a » a n a B * « * w 
! • » * * ' « Ji-S8i>>r:.4 
a a « M » s * " r « > f l [ 
a a » 8 . « * a 8 y > i > 
r n a w D - i a p a K . 
a o « B a j H 4 8 m £ 
8 8 8 C M U N * t i n 
8 u a r . H M a 8 a « . ! 4 
w a O f l ^ K a ^ a a a 
v a « i t i ; H « i t * B E a 
'4«>M>'3iras,»i i 'C 
i l f t t * i i > 8 B u B r t 
B * v i > p a a 8 B A u 
a a « » « a * « r r j a u 
h i M J l K E i f e i t - a 
• >1-«««B»va«BI I 
a>^bR-A8fi«[.'8><< 







> a i " « « f k . 8 K £ n 
a a v . i e ' a ' > ^ « « a 
n H n M h U B 8 « « a 
b i i M a a s » M u n i t 
• t ^ i i a h a a a A t i i 
I J M K B * 8*11^81 
a a i t H t t c s a u s a 
i i f f a a « a p t n a ' 9 K 
f41 l i ;8 i4UbBt i« i r 
C K a e u a r v a i t ' i 
« s > H ( ' u a * » 4 a u 
l l k « W « : i « f t ' t f K A 
a a 6 u * » » » B a * 
?^^W 
l a j r a a - n a 
| e n a « c r « > 
k t < t i « « a < a 
u 
8 « a i 
k t l B I 
« « • ! « 
M A E k 
iiM-an 
l l8W^ 
• a t e 
*«VB 






i r * -
a a d « 
t o a i i t 
l > a a M 
L.M89 
I C « t i 
t .» l l . t 
» a a a 
• ft>*A 
a a a - ) 
I R « I 
1551 
S f ^ 
« U * 8 4 J . 
iw<asAia 
a a t t s i b * 
. t ^^* 
X a « « v » 
» a a « , X H 
i i>*t !eM«»:yka 
a>84 l«^» :8UM 
a M H a a c u m * 
« t < * a c K » m t i 
l A H i a a a r K a ; 
i K f i M x a a i v 
" a w f a a n i i ) 
a ' i < < ! « a a u 8 i . 
j A p a a n a i A H n n a v t a a v i i 
* R A 8 « P H ^ 8 k a a B f K a « 8 a 
K k k a a u i F U k ' W ' - i S H P i b j . i H a 
a a c a * i u a 8 i i ^ 4 i < a a K « j ; a 8 
P B t t n 4 t a 4 t ' n t t K t f m i i ' 8 B 
ftHa.ii.4,8axii7iiiB»'«itBa«'> 
1 v n t i B 9 t « j B * « a 8 a K a m : i K 
( . a B : « . u j 8 8 3 a ' J > i i i i B a D i : ' > 
W H : w i . t t ' a ( r i M « ' ' a r « w n v K 8 f 
t i ( \ M r i i i a [ , ^ H < ( a 8 8 9 ; k a a 8 
a H 8 q s i : » « i f a h a B « « i < i ( i w h 
u s V M j e i a a i a M a t i V a P R t t u v 
a « i « M ( t ! i . j n aB l>a i4k -«Hah i i -
* f J">XNni ' iB i f :? fM[ iH> iJ ta -«> 
• ^ I t t c c l i l n n / ' ^ I a a K ?i a 4 
it88P«>r«i'«Brl>n^>aw»an*diDtifB 
taa^i^Baiaunwi/ikwattVMjia)** 
, t J > W 8 n ; « » K a a V W « 4 > » ) * « l l ^ a r j > 
H « M a 8 h k i r t , > * n ' . a a a a B ^ : t H a v . 8 
i i « . » i i i q < t ' ^ t i a < > « a c t f a w t t U ^ M v a 
• t t u n k i i j a ' . ; a - i t i T a w 8 9 B » n J 8 B a 8 H 
a a H i i r ' i > . - i i ( * » P B » a i i k . » b i a ' a « k ' i \ 
• i [« i t» ' f • v r ' < i u i L < ( i g i ' t f « . 8 4 a a a H a 
s r a i i « o i i n « a K « a a * ( < r « 8 ( T * e a 
> 8 1 S > t « B k i r a j ( H f l > i i ( a 8 i i i - « i | . . » « 
» » « 8 a i i 8 n w ' - A U 8 d E > « i f t a a B i i y k 
» » * * • ) « / t i j p t r a K ^ e r a i s B a o r . ^ 
« « i # N A U r a > ' < i n a » » « a a S « , w B y v w 
s r a v M ^ K a N n w H a n c a i B A u a M i t a 
«ir t#r i r . t 'K.f k a a o - a t f u . i a k x r B i r i 
4 r . * ' a b v ^ * ^ > i a w 8 k a v a 3 i 8 ^ k a a « 
n » « M t B ( i i > i ) ' « a a » j | a i * n w p a n « < 
i B B i i s V h i l ' D f i M N M a K a a a ^ a a t 
r » < ' a r i > > « i i . ^ B a « E * . 4 « « « 8 a s a e 
K W « B a a B U 3 B a 8 U ! * a B a * 8 ' 4 a « a 
a ^ » 4 a 5 « i i * c a t . « y 
> ^ x a ^ a a « ^ M > a r t i f t v 
r a a a w M w i t a n v i i B A 
i K ^ a a v a k t t B a a c i ^ 
* G i a ; i t ; * B ( i K B > « a i « » 
l a a - t M n v a i 
a a i ' ^ a ^ w t a 
' l U K a a i w a 
« 2 ! ! * ' • ' * ' ^ 8 « 
K B B j a a a a s i a ' a a ^ a . a w j j a a j a a a i 
» « i . « M r j » » a * a « ' a 3 « « 8 8 w ; j " a j 
» a j 8 B a p 8 f l a » 8 a * « J C B » J * ^ 8 a » 
•»« 8 8 0 •; w T.L^  8 n a a * # * mo R »-V a 2 • 
A B 1 1 8 4 t t r > c a t a « « a A * i • > < ' > « • * ' ' > 
a t f l i « » « 8 a » o a * * * * " ' : ' • ' " • » " * " ' 
c ' u > K « ^ * i i i : i i » a B a a a w i ; 8 j k « a a v 8 i 
B a A B n a a a ^ B B a ^ f i p ^ a a a a K a a * ! 
8 i . i i * a 8 u > > k i f t a a a a ' » v « K > 8 > f a > J ! i i 
G q ( ( t i x > ' ' a B a A 8 a 8 a : w « « a M W » a « ) t i w 
* i « c i B « « 8 C « a * « ^ t i t a i i . 8 a 9 f B f . H 
« K U M k > t ' ' K ' 8 « ) i a u * a 8 a t . < ' ^ a 8 K 8 « 
f ! » «^  r R* f O • BU • -h « i * U«in 8 8 M BiD a « t 
a a a a * 9 1 i i a u a a f k « i . i B a B 4 i i 8 K V » i . 
» B J a S ^ a r a - j f o - f a w a a a ^ i ^ a n a 
i « i » i : 8 - t a « i i ( 8 « * t 2 N « * u i v * < ' ' a a 
» B 8 8 a i ' * ' K < L a » > ' t i 8 r 8 i i B B a a ' d a u » 
i i i i « ' B a « a a « a [ i » 8 > i ' > 8 N 8 * « ' N R : t a'«> 
8 8 1 
8 - . t 
a a i 
4 t s i » « X 8 M 8 : A n « r « ;<«««< t e p a « y a rB8.^>i<4 
9 M 8 n a i > * 8 * : a ^ * a c « - 4 o « a w 4 a e a e r e . B n 
a d a a < - | | t < i < a c M M t t v « i » » « t < a a . ' i V C 8 a » ^ i J 
« l i « a M i 1 a • ! l r l ^ k U ^ a a a B S r • ' a « l l l a a a a a E 
t « « M « 8 a 8 » \ r ' a k n a 8 W i ! l r 8 K > ^ a 8 a a ' i > i 
* h B > . 8 » ' u « w a a i M i « 8 w a a « a a « a i ; a i > X » 
Jiwaa^f H a a n ! 8 « a i ( » ' 8 a » a « 8 B r a - a * ' r . d t a 
a s T « 8 a ) i i i i ( B a B r « i K a . l B r n a p n u « H 8 B 
a H « 4 < a n ' a « « a a 8 8 « 8 H a B ( i a « a « p 4 a a j » « a * ^ a a t 8 » » k « 8 a a a a B B i i h a i « 8 a a a 
8 a » 8 a t t • • > a B « e • l ' ' p a J ' t « a < > 8 8 ^ w a a n 
a ' i A 8 i r ^ ' 8 8 3 a a a a r ' ^ i i « a 8 a 8 a a r . a c i i a 
l i t 8 8 4 8 n a a a n t a - i P w a a u a a a a i l K t t i J i k 
a a a i i a x ^ l t s K M v n w v n ' t i a t v i R e a b H i i r B * 
i > a i u « a a 8 a K R i n n » k i : M r ! U 8 a r a p a i t a 
£ a ^ « w « i r M r > a r J i * ' » « H a a « | ' ' ( a . 
« » r t * a » a a a B n ' A » i i * » i i * « « B 8 5 » a i 
a » « H a * a t > 8 « a ^ j c i K 8 c A a ' » i | a k 
> 4 a i 8 M * k a ) > ; 8 « i r t < a a a 8 a 8 n i ) i a i 
t * a i i e t > a k K ' a w w w a k b a t « M ' ' i i « | - H ' 
a » • » t ^ ^ . ^ * v a ( l « a • • ^ a * a 8 P « a s g ^ | ? > i * v 
a j b a a " i * k P r » « * i - a « a e » « : l a < [ k r / £ a 4 
• . - « a « « a % * b a ' ' B a x M t B a i m i i a ; i 8 « r 








a i B B a c B a a * J r > ' , > < " i ' i i | V 8 t 8 » * B 
8 * n . ' 8 b ^ n « - p ^ a a 8 ( E ^ i t a v ' i i a r 
i i # , * 4 * 8 a a a » 5 * > ' » * 8 a i S H w * S t . a 1 
i # « 8 « * M . i i n « N ' j i 3 t : a a i a C r ' - ^ 8 r a a K 9 2 * " " " " " * " £ ' ! ' £ * * : ; ! S ! £ 5 B . ' 3 S ! ? 
» i i t r . a a a k » ' i . » » a * * » ^ * » ' » » » 5 » w » * ' ' 8 » a a f c ' , M » * » « 8 » . » a i j ^ T ' A r 
t 4 « « B B » w « « » i ( » w i , i f c « « a m » > * a < » » ' » k » « 8 * » :• * ! « « • • « 5 S « 5 l W s i 
» i L , ' T v i [ i t * « » f « a « i r « 4 * 8 » ^ ^ f » . i « a « B 8 a « » S B ( i » < 8 i a 8 » a * 2 a 5 W « * » 
fiaRK«i»a8aai>Saftn»k^^Ea'8Mi-ttiaa;4ai>^a«iia><'ik8aH*''l^£8'<a^ 
• r t i w > ' . « ^ i » | i . ^ * 5 i S a 8 « a . a « < 3 > r e a * : > a * a B « , i > * " j * a a » a f l i « » y B 2 
« » r ; ^ 8 a 8 » r - » 8 « . i ^ J r 8 » ; B a . a ' > » a - « » a B w i « p - « B * a i » B n » " a a 6 w r i W A 
» ? i i M « f e a # ' i r t l 8 r « ' ' « t ' » a » f l t • * , > - ; a a « « a * a a a a j j i a B 8 « > 8 P a j * a i # ^ W A 
• K a a ^ X . i i i i i l H * a p t « n s i « : r » V K * « i i a « - * 8 « n > * « a a a . * 8 w a f 8 < i u t K ^ « P 8 
f ' „ ! i ? r * » i - ( i « . « r ' » B W B « i » > * » ; ; 5 * 3 8 » « » . 4 » « » i U « * » - B » 8 8 i i i a B * * j ( . . « j ( B a 
i J ^ < ' S c » » 8 r . » « 8 J i a | i i ' j w a * ( K « B a a t a i i a B » 3 B a n * a « » « « j ' a n i i r 8 k 5 « 
i . p * » - » f » a i t B « T s * J i i i a » 8 a a » « h . « m ; i ( 8 f t . > ^ . B a * » i a i « » a f c t t ' 8 a > » « ' ' a ' « ' » " 
a i * m . a ' < 8 » . i l i P ' J n - n t i : » i » i a » f c « \ k . j a j i t f S U j « o a * » , « B B t » « ; » 8 | J e « e a 
h n a k . v 3 4 . > ^ i t « M * q a « > « n a 8 « « i « i « M a i ! c t i r « . a a a a i 8 M i t ^ a < i 8 < < l i ' t l l B ' t a 
* « 8 * ^ i a ( i » « 3 » o W » ' « * . * a » « » a a « o « a s < * « « i 3 a a B ' i a i » « a " f l « B # ^ f 7 , * , C ^ 
x j ^ % , « i k n t a i > 8 v w ' . i ' « M K n f v a « » r a a a i f a a t ^ » : a n a k a 8 a b £ » i i a * 8 * < < ^ K l w > F 
£ < i a ' ) ' H i t 8 » t i . a w B K » ; c > * n i ' i a i i 8 8 t 4 0 4 « ) a a * < « * R ^ < i ' ' a i r h > t a h N * r a « t H 8 « a 
• H M > ' L i r ' > ' . i a a K W > ) i t a ( * a u L a a a l i F « i 4 B : t j ^ a c v t r B f i r n n a a a b a a l f p v u n * 
v < t 8 a < » A ' ' B G « i a B t i H N a ' i i » . ' a ' a « . n w ( n i i a i i a ' * N « 8 8 « i B P ( i > i i i 8 W 8 a a l i w » - 9 n i i . 
!&.•«!• a,-k 8 8 i *Hrn«aMB.i , ( ( iaa>>«i i<c! ik<Mi<<a<i ir< It 8*1 n i i i v« i> 11^88*18B(i?>i'^H 
v u ? t ) > i : a n r ' K a L t i f ' t i i a > > f B 8 i t : H a i a > « r r t i B 9 » 8 < i n 8 B » 8 a n a A « a £ l i ' « v w * i 
• % a u < c » « « » & ; * • ( A 8 4 i r « » & 8 a x c i i M a 8 » ' M K a ' 4 a H M a k ' ) > ^ a i g v « E a i t ' ^ « » » i > 
.d<j»ai<>>Wit8aaiie>EcCii4i4 8 a i 8 q , ' t k ' 8 B H B S ^ ' p a ' > i n » P i i r : ' « t ; « > M r a « t i | i i s / i j r g t > 
ttn8aac»>it>xiiiiv^<iB««>kna«a<i*Ba>Ki<c«aa(i8aBBii<»*ad8>*^; 
t i t « M K a 8 8 ] ' i i > ' 8 ) r « t . a * * J B > * i c u « R . ' 4 a c : 4 « ' B a 8 » i « i r « i * B 8 « i i h 2 i ( * 8 K i 
a r i P K n t i ' 4 8 i ^ v 4 . ' N « k j i r P t t i i j M 8 a ( ( a a » n t ' N i i i i i r n a 8 » ) i 8 i 8 4 U ' i a a M a s M 
n « < « B a a 8 v » r i S « n a j m a o a a a a K ' j a a K U P i t e a B a a a a i i ^ a a K c a a a s v a 
8 8 t - i a ( i « B n 4 » s 8 > > # « a r i p a i > ( i n x n ' % « i > T ! t » 8 i e i r 8 ^ r a n i ) ^ < « a p a •«'•« 
i : : r e t t K K a ( . w * ' i e < i a « < k ' H n i ( c i « a « « W R i * a j w i ' K 8 8 * > t < i ' c > ' « K t i « f a r « ; f u » i ) 
a 9 i « ' E 9 e r a w » M « i ^ x a ] i i i i ' a H a v B i " i < T ^ c a v a t e 8 H 8 a UK ff K a u a i ! a a » i k i i 
a i r f t i v « > « - n - i f l 8 « G ( < « M a a B « r t i t a k H i k < 8 < r « n a K 8 8 « n a B K a : r 4 a c j ' H 
t R « i * p a t o » > 4 i a 8 » o a 8 M ; - . a j N a s < a i < i i 8 B K > * a t > « [ < h i a t ' i 8 : i a w 8 n w e a n 
t . i e 3 * a R « ' « » 8 M « a , t t ! l K « « c a a t > « h t « i ( ) a « 4 ' s . ' a 8 a k i i . t l i t . « U i < ' U r i k ' B ( < « i 
i | l a 9 - . N l i i f : * ( « ^ K i i : M 8 K * « U 8 t ) > 4 i c « > t H K a ! « c B K 8 a a i : t i n a c < « 8 a * < » * a « K ' i 
8 8 N n i T i t t . h k > v a a « K a u a a n E a i t » > a M e 2 < i w i > 8 4 8 a c * a > i a j t i s * . t a h > * 
8 « i : h A 8 » 9 v ^ t ; a a ; ; > i » « > i - » B V k H 8 t i r * * a a B 8 B a k a « a u i p » < # M ' t a ' i ( 
! i y » - i * ' i f « * 8 f H i i ( n » « ' i i ' r i n . « w » . p » f f u . ( ; i o a n ' ' . i s p a a w n a a a m a t a t T P * ' ' 
t i : 7 > i « G a i i v - a « i 4 i E n - r . w a a h ^ n a n a « b B a H a e K ' r 8 ' i i . > « 8 k > i a 3 8 i * a i < a » i i 
k n r a ' V ! - i e i 8 » k c » a . ' i : ' ( K a - 4 a 8 8 8 t K « a 8 i i < ' B i * 8 W a * . < M 8 8 8 a a B e « i 
8 a i t w . t n » a « t f j 8 a « a a « * 8 8 8 « i R n D v 8 a « a « i > a i i i a c a ( f b i r 8 H « 8 f < u ' i a 
y D k T « M ' A j « n i i i a e r ' i ( a B 8 « i ( B a * n P M 4 i > ) a 8 « 8 ' ( f a a n « 8 > w » ; 8 4 > K M « f C i 
i P « f : B K 8 H a A « r t » < a a B ( i i a i - i k « P 9 « B a 4 > C « a ( - t f a B a v s w i i i k i A a a a c n u 
H a * » ^ < i u . i a K 8 a L R ^ » ^ a 8 B « K s a 4 k a r a 8 « v ' : 9 a » a < i a 4 a B n H a i i i a i ' P 
n a W K R G i v a c B r » : t i a v K t i c i N « - * c B K « K ^ r t 8 n a a p y : 8 8 a a B t < i < ' * n a a « i»i»r»mi<;«b»»iji»i-B»p.«8^k«aN0»T*aM*'''*"i»*«8^iminif"viii*8* 
8 « « a M n « l 8 8 « < r ' X a B « M - > I . ' T 8 < i l i « a < t a * U r 8 H B h X X > I I ? ' « l i - a b l t a X » « | S 8 K 
« - a ^ n a a k ) = 8 < ) ? < ' Z » n t f " • • T i i a 8 a B a k P H ¥ 9 i ^ a 8 n 8 8 ^ B 8 i ' i a i v « i ' > a « > ' v a a 
l a a w 
Si 
« u j i 8 a t i 3 u n < > a p « > t 8 « R « a p » « i « M n 8 « k ' # < i a B a v < a n « > r n 8 ( > a > 4 » 
« ; . p u t f a i i i i > i t 8 r « i c t : n i « B f l « t i < f « i j > a a a a i i « a A a « i t a i > i - a B L ' i « > 8 
i i ' j i e a « w < B « - u « B 8 a 8 w > i n - t i a f « > i « > i H * > . B a 8 a u 4 G a a n « a f t i - f 
v a - - « a a « a i r « < a u n a « B 8 « « a a < * 8 « ' ' i i a 8 h « a « « « A u « n R ' d a ' 4 h 
» 4 B 8 K > : - « C a ' « » t ' V K a 8 . 3 1 i r « a « f t - i ~ 8 - * > < K e 8 a k l . S 4 a # S ' t 8 . ' 
c r « B i i * < a j a i f i i ' « * i i K ' n « H « 8 > ' i t f « p « B a M « £ ) K B i > ' ' i « 8 < t n « i I B K H ' a 
' ' d i ' ' N t [ k » n m ) a k 8 i . H M n i i 8 « c a . h u k K a * ' > > a T 8 > . H i i i i a a B m ' a u K « ) b « » 4 8 8 1 H e » • • . » « j > K f l a < 8 « i a 8 a e « « v i ! S i ; - i 3 « p n M r - ( i f , - i r 
B a a a a i - I - 4 f r a a i ' n i » « r a B ; ( r a s a " 8 ^ a 8 a i ' a K V ) ( 8 » i ' > a * « ' ' K 8 
. k i t a ' S B f r V j i ' s . k i ' ^ ^ i t k » l l A » i ' i r w « ' ^ a A > i h « A k i i ) 4 > t t * w » x 8 * » 




ui>4^*-Ba>«fc«k.-at!tuHr BBkfli-vaiia.iauABa^'cBBK.KatriscaBauKBBa^ Ki>waai!>ibc^u>^aH«Bi*siiri'a.^'*ait«,Tal«uaicBitaRit i iun^aawLKai ia 
I t M B B f » * H ! 8 a W B a « L « » a ! l « " T ' J i a « * K l . f c l l . t e * 8 » » l * 8 9 » . t S i m > « ( " ) V i « « » 
>tv^»i<»i-B-cvt<8iii»>Rii<cii1i8avaf»*a»<-nfc8tb«Mir«li'8h4tt8«'caaa»-
*«£iEbtiaaBt,BHB-4aau«>;a=8*i>i<it««it ka8.>«7air8«a(.a<!i«v48a*«fiiL 
a«*ai>ae8 f)^B» •.'aiiMauaiai b a r a i a a a c a . . BSBVCaaKRamoMi^a ia 
»a'u«-iiaM»lii»i«'«**B;#i.««'lii«ii*liin«»iil «*«««•««.**'»*ti«in(«S'«*«*B Aiik r'iikiiiBr'»(A>z<Axnsi.cM*i^aat<sak-'(Da».a«iia<iK«N»ii«a3>»v>.*K]ifc 






a s i K * * B 
iiiT.f.', 
Fanaaw.a 
• ? a H i * « 











a « D 
m 







2»«*S* i f 
•laffrfftfa 
•{(if* S a t 
I f i c l i 8 i ' t t < 
a'f!a*«a« 
8 i ! w i » l l > 1 
a « > 8 8 B k 
B B U C a a * -
n K K i : K 4 i ^ 
4 8 * 8 n a K 
c t j a a a , n 4 
r a a v v a l 
8 B ^ « » H B 
V««d3>a' -v 
8 B 8 1 . M » < 
k « a / i a 8 f ; 
/ 5 » . ^ « 1 8 « * ( » r t ' 
m i ' * ' • « • ' • ft « 8 
a s v a u v a a t i 
t W h ' B k l ^ ^ V I M . 
' O ^ f ^ i i ^ a v P B i 
r » i i . * » » i > a a 
"•*aaiiW,tPj 
«*i!« 8-%8BlV 
t^ i r \ « t i \ «a1 
8 n l l C ^ B l U I « 1 
.fcinyia»SaSi( 
1 8 * f 8 8 y i j . ? 
;»s:;;aS::»; 
L » J W > V 8 K t . l 
( t i s s A a a i h s a 
« 8 a « « 3 : * : B H a 
• l i l a f i t i K M k a i i 
a i > i « i : B i n » v * 
c s a b a n a a * 
l y n K i n v c a a 
• 8 « 8 - i n « / i ' « ^ a « i « - « P i l i * P « V C N « < ) i > « » ( i i M 4 f f M W 
« r > « ; i i K n a u F v a < . ' 8 a > ' t < 8 a i - » M t . 8 B [ H i » < a > n t t i ' B 







& 8 n m a B 8 * a « a n u i a B P « a s < : s 8 a i i « a u i a N 8 B » p . ' - a 
8 8 T i - . 3 M « i n s a r > « t . 8 « a a i i n u u j a n i ? v * » B a 8 a « 8 < ) 8 i i 
i ! ' < i « * 8 a t i 8 a m : i < i * > a k a a a B a i t 8 a f f 8 8 B a t K e a a t > ' 
a t i « 8 d a a a 8 * B « a « i a ' p » a k i V t t 4 a ( i a a B « u S | a i ) c a a F 
t i ' K 8 P » B a > ' a » « w « f c a H i . f c a a < t B t i i » i » « » t i r ^ » ! j , ^ a 
c a v r i ( . a i L 4 « a . f e a « i t : r ' . a 8 f c a a ^ K B ^ k r - l K l t a a A M a 
» < > < » a 8 « a 7 : v « 8 * i v r c ; f T j i a 4 b ( l l £ t t K 8 » ' t > a k ! > i < : ' ' B . > i n 
a 8 M a H 8 « « M H i t a a i i a a ! i k * i i ' j i a k a i g c M 8 B a a 8 V B r . a ' ' 
illfilj JH {fl 111 1] ulKlminTS 
^T J^TM '^Hifl jtjjTn tiT^ tffrtM^yiV 





; '^c» i<w"aa>^k3 'e '^ i '» ' :^«a^aaa i .yaa iaa>aa 
» f i »aa *an8aa«»» . ' i . " ' a * "» l2»» \a *8» | | a<a» 'aa 
8Paaa«H««(.*t .a*a'S*i^a». '#i«4i;w>8*i i•«•»;*up 
«aak>.*«;in,-ii,-(i,»«»Kij\^aafc*paV'H*>'* ipaaaaa 
• < .8"8 * .S iaS 'S"«a5a*5 .4>>*K*a? t * •Tfc*'Jrtf ^ 
«a8aac<8BaI«4aBBa8l<a&^'^•Ch^«a.n•»'.wH'.^• 
t a a " l « " K D s a a a i < < i a * B a ? < ^ a a » o a 4 , nbaSsa 
•d'aSrl iSS^^JISaa'ai 'B'an^lJBa^'^'^f iaaaapi i 
tBSlli>>aSi>aaavSna«^»>'"'>""^**>%* *•-•«'<•«' 
a»**» .aaf t»- j«a».« i t » • • • » * » - - t - J j B - t t f M l -
^>s*««aaa*«a«t . * ; i>aa«a»«"*« i»»"B^aa»1 ' *^ J 
« « a » a a 8 8 B > • * « * ' " ' » * " • • ' ! ! ! • * * • • • • ' » ^ * B » * » ' i « a « a S a 8 » a a « a t a j i a o j a » 5 8 i j « j j - i . » « f c B « B a a 
' i i a a n t « u v a B i i a ' a « « a i ' B V 8 a a B « M a a « a H r i i a v « 
S ? ! ! ; " l s ; 5 a i S S a a ; n 3 ; - a i » j . j a « - i . « u 8 D a , a 
f 5 8 a t f , j a « ; n P a a 9 B a a j - a » o ? a » r j » j r » « B « * 

















- ( 6 1 ) . 
Job 's Method: 
For determining complex ion formation between beryll ium 
n i t r a t e and potassium ferro and fer r icyanide by job 's method 
of continued var ia t ion , the following mixtures were prepared 
for three d i f ferent concentrations of the reac tan t s 
(0.1 M, 0.02M,and 0.01 M each ) : 
1 cc, 2 cc, 3 cc, 4 cc, 5 cc, 6 cc, 7 cc, S cc, and 
9 cc of Be(N02)2 mixed with 9 cc, B cc, 7 cc, 6 cc, 5 cc, 
4 cc, 3 cc, 2 cc and 1 cc of K.FeCy^, The concentration 
of both the reac tan ts being 0.1 M, After keeping the 
react ion mixtures for 24 hours, the op t i ca l dens i t ies of 
the solut ions were measured. 
Similar mixtures were prepared for beryllium n i t r a t e 
potassium ferr icyanide reac t ion with the only difference 
that the opt ica l dens i t ies of the so lu t ions were measured 
a f te r keeping the mixtures a t 50° for two hours. 
The spectrophotometric measiirements were made with 
the help of Hilger Spekker Absorptiometer using 0.5 cm, 
c e l l and f i l t e r nos. 3, 4 and 5. 
The curves were p lo t t ed between the difference of O.D. 
and the volume of Be(N0^)2. 
>(62). 
Beryllium ferrocyanide; 
T A B L S -(7) 
Concentration of Be(N0o)2 = 0.1 M 
Concentration of K FeCy^ ^ 0,1 M 
Wavelength L.90 mu. 
Mixture O*^* o^ O.Q. of Difference 





































F i g . 8 (curve 1) 
T A B L E - (8 ) 
Wavelength 520 mu. 





































F i g . 8 (curve 2) 
- ( 6 3 ) -
T A B L E - ( 9 ) 
Wavelength 5 50 mu; 
Mixture O.D. of Mixture 
O.D, of 






















0 . 1 7 
0*14 
0.12 











F i g . B (curve 3) 
T A B L E - (lO) 
Concen t ra t ion of Be(N0o)2 
Concen t ra t ion of Ki^ Fe'^ Y^ 
Wavelength 490 mu: 
0,02 M 
0.02 M 
Mixture O.D.of Mixture 
O.D. of 



















































- (64 : 













F i g . 









































































Fig. 9 (curve 3) 
-(65)-
T A B L E Jin 
Concentration of Be(NO-)2 
ConCQitration of K.FeCy^ 










































F ig . 10 (curve 1) 
T A B L E - (14) 
Wavelength 520 mat 







































F i g . 10 (curve 2) 

- (66 ) -
T A B L B - (15) 
Wavelength 550 mu; 
Mixture 0,D* of Mixture 
O.D. of 




































F i g . 10 (cunve 3) 
Beryl l ium Ferrjcyanideit 
T A B L E - (16) 
Concent ra t ion of Be(N0-)2 
Concent ra t ion of K-FeCy^ 
Waveleng;th 490 mu; 
0 . 1 M 






















































- ( 6 7 ) -























0 ^ 2 
0.099 










F ig . 11 (curve 2) 
T A B L B > (18) 










































F i g . 11 (curve 3) 
- ( 6 g ) -
T A B L E - (19) 
Concent ra t ion of Be(N0o)2 
Concen t r a t ion of K^FeCy^^ 









































0 .3 s 
0 ,44 
0 .47 
Fig. 12 (curve 1) 
T A B L S ^ (20) 
Wavelength 520 mu; 






































Fig. 12 (ciirve 2) 
Wavelength 












- ( 6 9 ) -




















n 1 A9 
















F i g . 12 (curve 3) 
T A B L S - (22) 
Concent ra t ion of Be(N03)2 = 0 .01 M 
Concent ra t ion of K FeCy^ = 0 .01 M 
Wavelength 490 mu; 





































Fig. 13 (curve 1) 
- ( 7 0 ) ^ 
T A B L E 
- (23) 
Wavelength 520 mu; 
Mixture 
0 t l rv-P 
M x t u r e 
A 1-1 of 




































F i g . 13 (curve 2) 
T A B L B ~ (24) 
Wavelength .ii, P_jnu: 







































F ig . 13 (curve 3 ) 
- ( 7 a ) -
The pHs. of the solutions were measured with the help of 
of Beckinann PM meter I%del G, 
The desired temperature of the experiments was 
maintained in a thermostatic water bath» 
Effect of Temperaturet 
To see the effect of temperature on the nature of 
the reaction, the following sets of mixtures were prepared: 
Set I 0.2 cc, 0.4 cc, 0,S cc, 1 cc and 1,5 cc. of IO'^M 
2 
CrCl mixed with 5 cc. of 10 M K FeCy^, the total 
volume being 7 cc. The solutions were also prepared 
in the reverse order (i.e. CrCl- fixed and K.FeCy^ 
varied). 
Set II Similar mixtures were prepared for chromic chloride-
potassium ferricyanide reaction. The concentrations 
-2 
of the reactants being 10 M each. 
Similar mixtures were prepared for beryllium 
nitrate and potassium ferro- and ferricyanide 
reactions. The concentration of the reactants were 
lO'^M each. 
- (79)-
The r e a c t i o n s were s t u d i e d a t f i v e d i f f e r e n t 
t empera tures v i z . , 20° , 30° , 40° , 50° and 60° fo r chromic 
f e r r o c y a n i d e r e a c t i o n s , 3$ , 41° , 51° and 61° for chromic 
f e r r i c y a n i d e and 30° , 40° and 50° f o r be ry l l i um 
f e r r o and f e r r i c y a n i d e r e a c t i o n s . 
Chromic f e r r o c y a n i d e ; 
T A B L B , (1) 
V a r i a t i o n s in 0,D, with t ime. 
Mixtures 1 , 2 , 3 , 4 and 5 c o n t a i n 2.8xlO~Sl, 3 . 7x10"%, 























































































F i g . 15 
FiG. N b l 5 
--or' 
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-(80)-. 
T A B L B ^ (2) 
V a r i a t i o n s i n 0,D, with t ime . 
Mixtures 1 ,2 ,3 ,4 and 5 con ta in 2,8xlO""^M, 3.7xlO'"^M 
l.lxlO~^M, 1.4xlO*"^M and 2 . 1 x 1 0 " ^ ^^^^^^6 ^^ 10~^M GrCl 




















































































F i g . 16 
T A B L B , ( 34 
V a r i a t i o n in O.D. with t i m e . 
Mixtures 1 , 2 , 3 , 4 and 5 con ta in 2.8xlO""%!, 3 . 7 x 1 0 ' % , 
l . l x l O " ' ^ ! , l,4xlO"^M and 2,lxlO"^M CrCl- i n 10""^ M K.FeCy^. 
Temp. = 30° 
T-?m« '"" 0«D. O.D. O.D. ""oTS; O.D. 
i ime M i x . l Mix. 2 Mix. 3 MixU Mix. 5 
0 Min. 0.05 0^06 0.06 0 .07 0 .09 
































































220 " 0 .30 0,32 0,33 0,35 0.36 
F i g . 17 
- ( 6 1 ) -
T A B L B ^(U) 
V a r i a t i o n s in O.D, with t i m e . 
Mixtures 1 , 2 , 3 , 4 and 5 con ta in 2,8xlO"'^M, 3,7xlO"^M, 






















































































F i g . 18 
T A B L E - (5) 
Va r i a t i ons in O.D. wi th t ime . 
Mixtures 1 , 2 , 3 , 4 , and 5 con ta in 2.8xlO"^M, 3.7xlO~^M, 










































































F i g . 19 
4s »-^ Fli^Ws. If 
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- ( a 2 ) -
T A B L B ^ (6) 
V a r i a t i o n s in O.D.vj^ith t ime . 
Mixtures 1 , 2 , 3 , 4 and 5 con ta in 2«8x10"/^ , 3 . 7 x 1 0 " % , 
LlxlO^^M, 1.4xl0''^M and 2.1xlO"'^M K^PeCy^ i n 10"2M CrCl^, 






































F i g . 20 
T A B L E -






































• Mixtures 1,2,3,4 and 5 contain 2.8x10^%, 3.7xl0~^ M, 































































T A B L S - (g) 
Variations in O.D, with time. 
Mixtures 1,2,3,4 and 5 contain a.^xlcV, 3,7xlO~^, 
l.lxlQ-^M, 1.4xlO"-^ M and 2,lxaO~^M K.FeCy^ in lO^^M CrCl^. 





























































V a r i a t i o n s in 0,D. wi th t ime . 
Mixtures 1 ,2 ,3 ,4 and 5 con ta in 2.8xlO"^M, 3.7xlO"''*-M, 
l . lxlO^^M, 1 . 4 x 1 0 " ^ a n d 2.1xlO"'^M GrCl^ i n lO^^M K FeCy,. 






















































Fig . 23 
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T A B L 3 ^ (10) 
V a r i a t i o n s in O.D. with t ime . 
Mixtures 1 , 2 , 3 , 4 and 5 conta in 2,gxlO"'^M, 3 . 7 x 1 0 " % 
l , lxlO"^M, l .^xlO'^M and 2.1xlO""^M and 2.1xlO"^M K.FeCy^ 
A- u 
Temp. = 60° 
r r i l " "OTDT"' O.D. "^" O.D. ~ "OTDT —-Q--Q^ 
i ime wiix^l I4ix.2 Mix. 3 Mix, 4 Mix. 5 
in lO'^CrCl. 
0 xMin. 0*0a 0.09 O.lO 0.10 0.12 
20 " 0.14 0.15 0.17 0.16 O.ia 
40 " O.IS 0.19 0.21 0*22 0.24 
60 " 0.21 0.23 0.25 0.27 0,30 
80 " 0.24 0.25 0.28 0.30 0.34 
100 " 0.30 0.32 0.34 0.35 0.38 
120 " 0.35 0,37 0.40 0.42 0,44 
Fig. 24 
Chromic Ferricyanide; 
T A 3 L S - (11) 
Var i a t i on in O.D, vd.th t ime . 
Mixtures 1,2,3,4 and 5contain 2.8xlO"Hf, 3.7x10"%, 
l.lxlO"^M, 1.4xlO""^ M and 2.1x10"% CrCl in 10"^M K3FeGy. 
o Temp. = 31 















































































- ( ^ 5 ) -
T A B L E . (12) 
V a r i a t i o n s i n O.D, vd.th t ime . 
Mixtures 1 , 2 , 3 , 4 and 5 con ta in 2,3x10*'^'!, 3 ,7x10""^ , 
1 .1x10"%, 1 . 4 x 1 0 ' % and 2 . 1 x 1 0 " % K-FeCy^ i n 1 0 " % GrCl . 























































































































Variations in O.D. with time. 
Mixtures 1,2,3,4 and 5 contain 2.gxlO~^M, 3.7x10"^!, 
1,1x10"%, 1.4x10"% and 2,1x10'% GrCl. in 10"^M K FeCy^. 
































































































( 8 6 ) -
T A B L 5 (14) 
V a r i a t i o n s in O.D. with t ime . 
Mixtures 1 ,2 ,3 ,4 & 5 con ta in 2 .8x10"^ , 3 . 7 x l O ~ V LlxlO^^M^ 
1 . 4 x 1 0 " ^ and 2,lxlO""^M K^J^eCy^ in lo"^M CrCl^. 
Temp. 41^ 
Time Mix. l 
OeD. 
















































F i g . 28 











































V a r i a t i o n s in O.D, wi th t i m e . 
Mixtures 1 , 2 , 3 , 4 , & 5 con ta in 2.8xlO'"^4, 3 , 7 x 1 0 " ^ l , lx ld1w 
1 , 4 x 1 0 ' % and 2 . 1 x 1 0 " % GrCl- i n 10""% K.FeCy^, 
































































































4' •; ^ fi^ ••''^P»' ' 7 ^ "j'tfi, J^A • ' •if ,' •rf'- ' "^-1&^'\ "i^M-">««*", 'p-^' 
;&»; -^  • . , „ ' • * * s . # • „ •jjI'S •' ;-^*^ ^ ,>!^ S»^  . £'<^«^ 
P r e , N d . 3 1 
A? -5i' ,, .?<• 1fJ> ' if3,,_.\^' '?*••»•,: i?'^ :'«'-.•?<• J?i(?^,, J?i?- ' ^ j ) . . f » ^ iif-.'T^i^ g ^ ^/^i / 
..^2S?^ ,^(n P?/7?^'^f-U^ 
-(87)-
T A B L S > (16) 
Va r i a t i ons in 0#D, with t i m e . 
Mixtures 1 ,2 ,3 ,4 & 5 c o n t a i n 2,8xlO~^M, 3.7xlO'^M, 
1 ,1x10-%, 1 . 4 X 1 0 ~ 3 M and 2»1x10""% K .^FeGy^ i r lr>''^¥ GrCl-
J5 • ' 5 " 3 ' 
Temp. = 51° 
"""ITT OTDI O.D. OTDT O.D. - - - ^ y -
iime Mix . l M x . 2 Mix. 3 Mix.4 Mix. 5 
0 Min, 0.56 0»58 0 .58 0.6o 0.68 
10 " . 0 .57 0.60 0 .61 0.62 0 .71 


















































F ig . 30 






































V a r i a t i o n s i n O.D, with t i m e . 
Mixtures 1 ,2 ,3 ,4 & 5 c o n t a i n 2 . 8 x 1 0 " % , 3 .7xlO~%, 









































































F i g . 31 
T A B L B - (Ig) 
Variations in O.D, with time. 
Mixtures 1,2,3,4 & 5 contain 2.8xlO"^M, 3.7xlO~^M, 
l.lxlO'^M, l,4xlO"'M and 2.1x10"% K^ x^ eCy^  in IQ'^M CrCl< 







































F i g . 32 
nide: 
A B L E -
O.D. 
Mix, 3 




0 . 7 0 




























• 0.92 , 
0.95 
0 .97 
Va r i a t i ons in O.D. with t i m e . 
Mixtures 1 , 2 , 3 , 4 & 5conta in 2 . 8 x 1 0 " % , 3 .7x10"%, 






































































Ffg , 33 
- (09)-
T A B L B ^ (20) 
Va r i a t i ons in O.D, with t i m e . 
Mixtures 1 , 2 , 3 , 4 & 5 con t a in 2.gxlO"^M, 3.7xlO~.%, 
l . l x lO '^M, 1 .4x10"% and 2.1xlO"^M K.FeCy^ I n lO'^M Be(N0^)2, 
Temp, a 30° 
•-—-- -Q-^- Q~:rr~ "oIBT """"OJDT O.D. ~~ 




















































0 . 5 7 
0.59 
6 .60 
F i g . 34 
T A B L g _> (21) 
V a r i a t i o n s in O.D, with t i m e . 
Mixtures 1 ,2 ,3 ,4 & 5 con ta in 2 .8xlO'"'''M, 3.7xlO'"^M 
l . l x lO '^M, 1.4xlO-^M and 2.1xlO-M Be(N0^)2 in 10~^M K FeCy^ 
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/N1 





- ( 9 0 ) -
T A B L S - (22) 
V a r i a t i o n s of O.D. wi th t ime. 
Mixtures 1,2_^3,4 & 5 con ta in 2.8xlO"^M, 3 .7x10"%, 
; 5 < i 
le lx lO'^M, 1 . 4 x 1 0 " ^ and a . l x l O ' " ^ K.FeCy. i n lO'^M Be(NO.) 
Temp. = 40° 
r..^ O.Q. O.D. O.D O.D. O.D. 
^^'"Q Mix. l Mix. 2 Mix. 3 m x . 4 Mix. 5 
0 Min. 0.20 0,22 0.23 0.26 0.2S 


































F i g . ' 36 


























Va r i a t i ons of O.D, vd.th t ime . 
Mixtures 1 , 2 , 3 , 4 & 5 con ta in 2 ,6x10"^^, 3.7xlO""'^M, 
l . lxlO"^M, 1.4xlO*"-^M and 2.1xlO"^M Be(N03)2 i n K, FeCy^. 




























































F i g . 37 
- ( 9 1 ) -
T A B L a . {2k) 
V a r i a t i o n s in O.D. with t ime . 
Mixtures 1 , 2 , J , 4 and 5 c o n t a i n 2.SxlO~^l% 3 .7x10"%, 
l . lxlO^^M, 1 .4x10"% and 2 . 1 x 1 0 " % K FeCy^ i n 1 0 " % (Be(N0-)2. 










Bery l l ium-
O.D. 
M i x , l 
0 . 2 0 
0 .32 
0 . 4 1 
0 . 5 0 
0 . 5 7 
0 .62 
0 .65 
0 . 6 8 
O.D 
Mix. 2 
0 . 2 3 
0 . 3 6 
0 .46 
0 . 5 4 
0 . 6 0 
0 . 6 5 
0 , 6 9 
0 . 7 1 
F i g . 38 
- f e r r i c y a n i d e : 
T A B „L S -
O.D, 
Mix. 3 (. 
0 , 2 6 
0 . 3 9 
0 . 4 9 
0 . 5 7 
0 . 6 2 
0 . 6 7 
0 . 7 0 
0 . 7 4 
(211 
O.D. 
) Mix . 4 
0 . 2 8 
0 , 4 2 
0 . 5 2 
0 . 6 0 
0 . 6 5 
0 . 7 0 
0 . 7 3 
0 . 7 6 
O.D. 
Mix. 5 




0 . 6 8 
0 .73 
0 .75 
0 . 7 8 
V a r i a t i o n s in O.D, with t ime . 
Mixtures 1 ,2 ,3 ,4 & 5 conta in 2.8xlO~Hl, 3.7xlO"^M, 














M i x . l 
0 . 3 0 
0 . 3 4 
0 , 3 7 
0 . 3 9 
0 . 4 0 




0 . 4 0 
Temp. 
i l e n g t h = 
O.D. 
mx.2 
0 . 3 3 
0 ,36 
0 . 3 8 
0,.40 
0 .42 
0 , 4 3 
0 ,45 
0 . 4 7 
0 . 5 0 
0 . 5 1 
= 30" 
= 545 mu 
0 . D» 
Mix. 3 
0 . 3 4 
0 . 3 8 
0 . 4 1 
0 .43 
0 ,45 
0 . 4 7 
0 . 4 8 
0 . 5 0 
0 . 5 2 
0 . 5 3 
O.D. 
Mix, 3 
0 . 3 6 
0 . 4 2 
0 . 4 4 
0 ,45 
0 . 4 7 
0 . 4 9 
0 . 5 1 
0 . 5 2 
0 . 5 5 
0 . 5 6 
O.D. 
Mix. 5 
0 . 3 8 
0 . 4 3 
0 ,46 
0 . 4 7 
0 . 5 0 
0 . 5 1 
0 . 5 2 
0 . 5 4 
0 . 5 7 
0 . 5 8 
F i g . 39 
Wfl i«m^^«P i lis 
-fm^ 











i i rT ,« 
- ( 9 2 ) ^ 
T A B L S ' - (26) 
V a r i a t i o n s i n O.D, with t ime. 









































F i g . 40 














0 . 4 0 
(27) 

























Va r i a t i ons i n O.D, with t i m e . 
Mixtures 1 ,2 ,3 ,4 and 5 con t a in 2 .8x10" '%, 3 .7x10"%, 
l . lxlO~^M, 1.4xl0-^M and 2 . 1 K 1 0 - - M 88(^03)3 i n lO'^M K^PeCy^ 



































































- ( 9 3 ) -
T A B L E ~ (2^4 
V a r i a t i o n s in 0«D» wi th t ime . 
Mixtures 1 , 2 , J , 4 and 5 c o n t a i n 2 . S x l O ' % , 3 . 7 x 1 0 " % , 
l . lxlO^^M, 1 ,4x10^% and 2,lxlO'"^M K^FeCy^ i n 10"%4 BeCWO^jg, 


































































F i g . 42 
T A B L E , (29) 
V a r i a t i o n s in O.D. wi th t i m e . 
Mixtures 1 , 2 , 3 , 4 and 5 con ta in 2,BxlQ'^y[^ 3 . 7 x 1 0 " % 
1.1x10"%, 1 .4x10"% and 2 . 1 x 1 0 " % Be(M0^)2 i n 1 0 " % K,FeCy^. 














































' 0 . 7 3 
0.75 
F i g . 43 
: .{94). 
T A B L E . (30) 
V a r i a t i o n s in G.D, wi th t ime . 
Mixtures 1 ,2 ,3 ,4 and 5 con ta in 2 . S x l O " ^ , 3 . 7 x l O ' % , 
l . l x l O - ^ 1.4x10'"% and 2 . 1 x 1 0 " % K^FeCy^ i n 1 0 " % 66(^03)2, 
Temp. = 50° 
~~~"Z o.D. o.D. •"" O.D: OTD;: O.D. " 
^ime Mix. l Mix. 2 mx.,3 Mix«4 Mix. 5 
0 Min. 0 .20 0.22 0 .24 0 .27 0 .29 
40 '' 0 .42 0,44 0 .47 0 .49 0 . 5 l 
ao " 0.43 0.45 O.4S 0 .50 0.52 
120 " 0 .4s 0 .50 0.56 0 .56 0 .5s 
160 " 0.53 0.55 0 .5s 0 . 6 0 0 .63 
200 " 0 .56 0.59 0.62 O.64 0.66 
F i g . 44 
5f fec t_of equa-penta f e r r o c y a n i d e ; 
To study the e f f e c t of K^FeCyr.H^O over t h e speed of 
t h e r e a c t i o n between chromic c h l o r i d e and potassium f e r r o c y a n i d e 
and bery l l ium n i t r a t e and potassium f e r r o c y a n i d e , t h e fo l lowing 
s e t s of mixtures were prepared : 
Set I To equimolar q u a n t i t i e s of GrCl- and K,FeCy^( 5 cc , 
of 1 0 ' M each) , varying amounts ( , 2cc , 0 ,4 cc , O.S cc a 
-2 
and 1 cc) of 10 MKoFeCy^.HgO were added. Thi t o t a l 
volume was made to 12 c c . 
Set I I To a mixture of lO c c . of 10"-^M K^FeCy^ and 0 , 2 c c . 
of 10** M CrCl^, va ry ing amounts ( 0 . 2 c c , 0 .4 cc , O.S cc 
and 1 cc) of 1 0 " % K-FeCy^.H^O were added. The t o t a l 
volume was made t o 12 c c . 
-(95)-
Set III To a mixture of 10 cc. of lO" M K,FeCy. and 1 cc. 
-2 
of 10 M K^FeGy^,H20, v a r y i n g amounts (0.2 c c , 
0 ,4 cc , 0,B cc and 1 cc) of 10*" M GrGl^ were added. 
The t o t a l volume was made t o 12 c c . 
S imi lar mixtures were prepared for be ry l l i um n i t r a t e -
potassium, f e r r o c y a n i d e r e a c t i o n . 
The spec t ropho tome t r i c measurements were made with t h e 
help of Hilger Spekker Absorptiometer u s ing 0,25 cm c e l l and 
var ious f i l t e r s ( f i l t e r Mo.l fo r chromic c h l o r i d e - p o t a s s i u m 
fe r rocyan ide r e a c t i o n and f i l t e r No. 3 f o r be ry l l i um n i t r a t e -
potassium f e r r o c y a n i d e r e a c t i o n ) . 
Chromi c-f e r roc yan ide : 
T A B L E - (31) 
V a r i a t i o n s in O.D, with t ime . 
Mixtures 1 , 2 , 3 , 4 and U con ta in 1.6xl0"*^M, 3.'3x10"%^, 
6,6xlO'~Sl and 8.3xlO""^M K^FeCy^.H20 i n a mixt\are of CrCl^ and 


















































F i g . 45 

- ( 9 6 ) -
T A B L E > (32) 
V a r i a t i o n s i n O.D, with t ime . 
Mixtures 1 ,2 ,3 and 4 con ta in 1.6xlO"^M, 3 .3xlO~%, 
6 . 6 x 1 0 ' " ^ and 8.3xlO~'^M K^FeGy^,H20 i n a mix ture of 8 . 3 x 1 0 - % 
K.FeCy^ and 1.6xlO*^M CrClo. 
T4„^ O.D. O.D. 0,D. O.D. 








































P i g . 46 
T A B L E - ( 33 ) 
Variations in O.D. with time. 
Mixtures 1,2,3, & 4 contain 1.6xlO'"''^ M, 3.3xlO~^M, 
6.6xlO"*^ M and 8.3x10"% CrCl^ in a mixture of 8.3x10"% 


















































Beryl l lum~ferrocyanlde; 
I.J^BL.B,. -,,(,3JLL 
V a r i a t i o n s in O.C. wi th t i m e . 
Mixtures 1,2,3 and 4 con ta in 1.6xlG~'^M, 3 .3x10"%, 
6 . 6 x 1 0 " ' ^ and g.3xlO'"% K^FeCy^.HgO i n a mixture of Be(N03)2 
and K FeCy^ (4.16xlO~^M each ) . 
Time 





























































V a r i a t i o n s in O.D. wi th t ime . 
Mixtures 1 ,2 ,3 and 4 con ta in 1 .6x10""^, 3.3xlO"%1, 
6 , 6 x 1 0 " % and 8 . 3 x 1 0 " % K^FeGy^.HgO i n a mixture of 8 . 3 x 1 0 " % 
K FeCy^ and 1.6xlO"%e(NO^)2. 
'VArr,^ O . D . " " ^ O.D. O.D. O.D. 
























































F i g . 49 
-{93)"-
T- A B L S - (36) 
Variations in 0».D, with time. 
Mixtures 1,2,3 and 4 contain 1.6xlO*'%l, 3.3x10"%, 
6.6x10'"% and 8.3xlO~% 66(^03)2 in a mixture of ^.3X10-2M 


































































Sffect of pHt 
To see the effect of pH on the nature of the reactions, 
the following sets of mixtures were prepared: 
Set I 0.5 cc, 1 cc, 1.5 cc and 2 cc. of 10"% CrGl 
were added to 5 cc. of 10~-^ M K, FeCy.. The total 
volume was made to 7 cc. 
Set II 0.5 cc, 1 cc, 1,5 cc and 2 cc of 1 0 ~ % K FeCy^ were 
added to 5 cc. of 10"% CrGl-. The total volume 
was made to 7 cc. 
Similar mixtures were prepared for chromic chloride-
potassium ferricyanide reaction, beryllium nitrate~potassium 
•1^99)-
f e r r o - and f e r r i c y a n i d e r e a c t i o n s . 
Chromic c h l o r i d e - p o t a s s i u m f e r r o c y a n i d e r e a c t i o n was 
s tud i ed a t pHs 3.5 and 4 . 5 , chromic c h l o r i d e potass ium • 
f e r r i c y a n i d e r e a c t i o n a t pHs 3 .1 and 5, b e r y l l i u m n i t r a t e 
potassium f e r r o c y a n i d e r e a c t i o n a t pHs 0 . 8 , 1 . 1 , 3.4 and 4 .2 
and li)©ryllium n i t r a t e - p o t a s s i u m f e r r i c y a n i d e r e a c t i o n a t 
pHs 2.8 and 4 .9 
Chromic-fer rocyanide: 
T A B L B - ^ (37) 
Variations in O.D. vd.th time. 
Mixtures 1,2,3 and 4 contain 7.1xlO~-M, 1.4xlO"^M, 
2.1xlO~^M and 2.83dO"'^ M GrCl^ in 7,1X10"2M K FeCy^. 


































































eftf~ i;; -3;5..> . '/4't> - ' / y ^ - "^-pc ••'•;^ '^/^ -
._. "77"/! '^edk fni'n&cT^s 
- ( 1 0 0 ) -
T A B L S :: {^S) 
V a r i a t i o n s in 0,D, with t ime . 
Mixtures 1 ,2 ,3 and 4 con ta in 7 ,1 x 10"^M, 1.4xlO~^M, 
2.1xlO""^M and 2,gxlO'^M K^FeCy^ i n 7*lxlO"^M GrCl 























































F i g . 52 




























V a r i a t i o n s in O.D. with t ime . 
Mixtures 1 ,2 ,3 and 4 conta in 7.1x10"^M, 1 .4x10 ' M, 
2.1xl0^2jyj g^^ 2.8xlO"Sl CrCl^ i n 7.1xl0~^M K FeCy^. 

































































F i g . 53 
-(101)-
T A B L 3 ^ (Z^ O) 
Variations in O.D. with time. 
Mixtures 1, 2, 3 and 4 contain 7.1x 10 ^ M, 1,4 x 10 ' M, 
2.1 X 10 "^ M and 2.6 x 10 "^ M K FeCy^ in 7.1 x 10 '^ M CrCl, 


































































Chromic - f e r r i c y a n i d e : 
T A B L E - ( 41) 
Va r i a t i ons in O.D. with t ime . 
m x t u r e s 1, 2 , 3 and 4 c o n t a i n 7 .1 xl0"^M, 1.4 x 10"^M, 
2 .1 X lO'^M and 2 .8 x 10~^M CrQl- in 7 .1 x 10 '^M K- FeCy ^ . 
Temp. = 50© pH = 3 .1 Wavelength = 550 mu. 
Time O.D. O.D, 0,D, 0 ,D. 
Mix. l Mix. 2 Mix,3 !\tLx. 4 
0.35 0 ,38 0,40 0.42 
0.41 0.45 0 .48 0.50 
0.45 0.50 0.53 0,55 
0.47 0.53 0 .57 0 .60 
0 .51 0.54 0.59 0.64 
0 .57 0 .60 0 ,61 0.66 
0.62 0.65 0.62 0 .69 
0.64 0.67 0.63 0.72 


















- ( 1 0 2 ) -
T A B L E > (42) 
V a r i a t i o n s in O.D. with t ime . 
Mixtures 1, 2, 3 and 4 con ta in 7 .1 x I C ' M , 1.4 x 10 "^M, 
2 .1 X 10 "^M and 2,& x 10 "^ M K3 FeCy^ in 7 .1 x 10 ~^M CrCl . 























































F i g . 56 
T A B L S - ( 43 ) 
V a r i a t i o n s in O.D, with t ime 
Mis tures 1, 2, 3 and 4 conta in 7 .1 x 10~-^M, 1.4 x 10"^M, 
2 , l x lO'^M and 2 .8 x lO'^M GrCl^ in 7 .1 x lO'^M K^ FeCy^. 
pH = 5 Temp* = 5 0 





























































F i g . 57 
'^^75• 
i"*10.M.> . '55' 
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, « 
- { 1 0 3 ) -
T A B^L B - (44 ,) 
V a r i a t i o n s in O.D, with t ime . 
_? - 2 
Mixtures 1, 2 , 3 and 4 conta in 7.1 x 10 "M, 1.4 x 10 M, 
2 .1 X lO'^M and 2,$ x 10~~M K^ FeCy^ in 7 .1 x 10"-M GrCl j . 
pH = 5 Temp. = 50 
Time 





















































? i g . 5S 
Beryll ium - f e r rocyan ide : 
T A B L 3 - ( 45 ) 
Va r i a t i ons i n O.D, with t ime . 
-3 -2 
Mixtures 1, 2, 3 and 4 c o n t a i n 7 .1 x 10 -^ M, 1.4 x 10 M, 
2 .1 X 10"^M and 2,S x 10~^M BelNO,)^ in 7 .1 x 10"^M K, FeCy^, 
pH = 0 .8 
3 '2 - " — " "^4 














































F ig . 59 
- ( 1 0 4 ) -
T A B L E - (46 ) 
Va r i a t i ons in O.D, with t i m e . 
MixtuEes 1 , 2 , 3 and 4 con ta in 7 .1 x 10 ^M, 1.4x10 M, 
2.1xlO°^M and 2.SxlO"'^M K.FeCy^ in 7.1xlO"^M Be(N0^)2. 























































F i g , 60 
T A B L E r__LitZjL 
Var i a t i ons in O.D. with t ime . 
-3 -2 
Mixtures 1, 2, 3 and 4 con ta in 7.1x10 M, 1.4x10 M, 
2, lxl0"^M and 2.8xlO~^M Be(N0o)2 ^ 7.1xlO~'^M K FeCy^. 








































Fig . 61 
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- (105 )^ 
T A B L S > { LB ) 
V a r i a t i o n s in O.D. wi th t ime . 
_? -2 
Mixtures 1, 2, 3 and 4 con ta in 7.1x10 'M, 1.4x10 M, 2 .1x 
lO'^M, 2.1xlO"^M and 2.8xlO~^M K FeCy^ in 7.1xlO"^M Be(N0_)2. 




























F i g . 62 



















V a r i a t i o n s in O.D. with t ime . 
-'^ -2 
Mixtures 1, 2, 3 and 4 con ta in 7.1x10 "M, 1.4x10 M, 



















































F i g . 63 
-(106)-
T A B L E^ - ( 50 ) 
Variations in O.D. with time. 
Mixtures 1, 2, 3 and 4 contain 7,lxlO'^M, 1.4xlO"^M, 
2.1xlO"^M and 2.axlO"^M Kj^FeCy^ in 7.1xlO-^M BedTOj)^ . 














































T A B L a - ( ^1 ) 
V a r i a t i o n s in O.D. vdth t ime , 
Mixtuiies 1, 2, 3 and 4 c o n t a i n 7.1xl0' '^M, 1.4xlO"'^M, 
2.1xlO"^M and 2.axlO-2M Be(N0^)2 in 7.1xlO~^M K.FeCy^. 















































F i g . 65 
- ( 1 0 7 ) -
T A B L E > ( 52 ) 
V a r i a t i o n s in O.D. with t ime . 
« 
m x t u r e s 1 , 2, 3 and 4 con t a in 7.1xlO~^M, l./^xlO^^M, 
2.1x10"^^^ and 2.8xlO'^M K^FeCy^ in 7.1xlO"^M BelNO^)^. 













































F i g . 66 
Beryl l ium - f e r r i c y a n i d e : 
T_A B L S ^ J „ ^ 1 J 
V a r i a t i o n s in 0«D, wi th t i m e , 
Mixtxires 1 , 2, 3 and 4 con ta in 7.1xlO~^M, l ,4xl0"^M, 
2.1xlO''^M, and 2 .8 xlO'^M Be(N0o)2 ^ 7.1xlO"^M K^FeCy^. 
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- ( 1 0 8 ) -
T A B L E - {5L) 
Var i a t i ons in O.D, with t ime . 
Mixtures 1, 2, 3 and 4 c o n t a i n 7 . 1 x 1 0 ' % , l,4xlO"^M, 
2 , lx lO~S^ and 2.8xlO"^M K^FeCy^ in 7.1xlO~^M Be(NOo) 























































P i g . 68 
V a r i a t i o n s in O.D, wi th t ime . 
~3 -2 
Mixtures 1, 2, 3 and 4 c o n t a i n 7.1x10 M, 1.4x10 M, 
2.1xlO"^M and 2.8xlO"^M Be(N02)2 in 7.1xlO~^M K^FeCy^ 























































F i g , 69 
- ( 1 0 9 ) -
T A B L E >. ( 56 ) 
Var i a t ions in O.D, with t ime . 
Mixtures 1, 2, 3 and U con ta in 7.lxlO~'M, 1,4x10" M, 
2.1xlO"^M and 2.gxlO"^M K^FeCy^ in 7.1xlO"-^M Be{N0^)2. 























































Fig . 70 
V a r i a t i o n s in pH : 
In o rder to see the p o s s i b i l i t y of t h e h y d r o l y s i s 
of potassium f e r r o and f e r r i c y a n i d e s in presence of chromic 
and bery l l ium i o n s , v a r i a t i o n s in pH of the r e emotion mixtures 
wi th time were determined. The pHs of the d i f f e r e n t mixtures were 
measured with the h e l p of Beckmann pH-meter ModelG. 
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. (110)-
T A B L E • ( ^ 7 ) 
V a r i a t i o n s in pH of chromic ch lo r ide -po t a s s ium fe r rocyan ide 
mixtures wi th time» 
Mixtures 1, 2, 3 , 4 and 5 were prepared by adding 
2cc , 3cc, 4cc, 5cc and 6cc of 10" M CrCl- t o IB c c , 17 cc 
















































F i g . 71 
T A B L S 1 - ^ 1 
V a r i a t i o n s in pH of chromic chloride-potassi iAm f e r r i c y a n i d e 
mix tu res with t ime . 
Mixtures 1, 2, 3 , 4 and 5 were prepared by adding 2cc , 
3cc , 4cc, 5cc, and 6cc of l o " M CrCl^ t o 18cc, 17cc, I 6 c c , 
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F i g . 72 
- (111 ) . 
Variations in pH of the different mixtures of beryllium 
nitrate and potassium ferrocyanide, and beryllium nitrate and 
potassium ferricyanide were measured in the manner described 
above and the results were depicted in Fig, 73 and 74. 
Order of the reaction •. 
The procedure followed hero to determine the order 
of the reactions was given below : 
(1), Let the optical density of the reaction mixture at the 
equilibrium point i.e. vi^ en the reaction was complete 
be ap , 
(2). Let the initial optical density of the reaction mixture 
when there was no formation of the complex be a-. . 
(3). Let the optical density of the reaction mixtiJire at any 
time be x-, . 
a^- a^ = a 
and -^1*^ ^ 1 ~ ^ 
Subst i tu t ing these values in the following two 
equations, 
(i) K = 2.303/ t log a / a_x 
( i i ) K = 1/t x/a{a-x) the values of K c^n be 
evaluated. The constant values of K in e i ther of the two 
equations wi l l assign whether the reac t ion i s of f i r s t order 
or second order. 
- (112)- . 
The fol lowing s e t s of mix tures were prepared : 
Set I , lOcc of 10~-^ M CrCl . + lOcc of 1 0 " \ M K, FeCy 
i 4 0. 
Set II. Ice of ICH^ CrCl-, + lOcc of 10~^M K.FeCy^. 
Set III. Ice of lO"'"'"K^ FeCy^  + lOcc of 10"^M CrCl^ 
Similar mixtures were prepared for chromic chloride-
potassium ferricyanide reaction at 50 , beryllium nitrate-
potassium ferrocyanide reaction, and beryllium nitratS -
potassium ferricyanide reaction at 50 , 
The spectrophotometric measurement were made wdth 
the help of Hilger Spekker Absorptiometer using 0.25 cm cell 
and various filters. 
Chromicchloride - potassium ferrocyanide reaction ; 
T A B L S ( 59 ) 
Set I a = 0.53- 0,15 = 0.38 
Wavelength = 430 mu 
S,No. • Time 
^" " WWxi\ 
21 10 " 
3 . 20 " 
4 . . 30 " 
5 . 40 " 
6 . 50 " 
7. 80 " 
a . 95 " 
9 . 110 " 
10, 125 " 
1 1 . After 5 
















































T A 3 L 3 - ( 60 ) 
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The equi l ibr i i im cons tan t values of o the r r e a c t i o n s were 
c a l c u l a t e d fo r the t h r e e s e t s of mixtuTes in the manner as 
desc r ibed in the case of chromic c h l o r i d e potassium f e r r o c y a n i d e 
r e a c t i o n and the r e s u l t were g iva i below : 
Chromic c h l o r i d e - potassium f e r r i c y a n i d e r e a c t i o n : 
T A' B L S - (62 ) 
Temp, = 50*^  Wavelength = 550 mu 
Set I 




= 2.303/t log a/ a~x 
71.32xlO~^ 8.34 xlO"^ 5.21 xlO"^ 
105.23 xlO"^ 80.24 X 10"^ 3.21 x 10 ' ^ 
50.31 X 10"^ 31.21 X 10"^ 91,34 x 10"^ 
23,^9 X lO"''*- 1.21 X 10"^ 27.34 x l o " ^ 
29.34 X l o " ^ 9S.21 x l o " ^ 24 .10 X 10 ""^  
15.20 X 1 0 ' ^ 52.71 X 10~^ 37.23 x 10 "^ 
10.13 X 10"^ 71.20 X 10"^ 42 ,SI x 10~^ 
2 .01 X 10 "^ 15.S9 X 10"^ 72.21 X 10"^ 
99.72 X 10"^ 23.99 x 1 0 ' ^ 89.34 x 10""^ 
1.03 X 10~^ 20.72 X 10"^ 2 .31 X l o " 
- (115)-
Beryllium nitrate-potassj iyn ferrocyanide reac t ion : 
T A B L E ^ ( 63 )-
Wavelength = 490 mu 
Set I Set I I Set I I I 
K = 1/t. x/a(a-.x) K = 2,303/ t log a/a-x 
29.04 X 10 "^ 
37.67 
41.78 




























































- ( 1 1 6 ) -
Bery l l ium n i t r a t e - p o t a s s i u m ferrjcisganide r e a c t i o n ; 
T A B L E - - (64) 
Wavelength 520 mu 
Set I 
K = l / f . x / a ( a - x ) 
Set I I Set I I I 
K= 2 . 3 0 3 / t . l o g a / a - x 


































98 .72x10 '^ 
10.01x10-2 
Order of the r e a c t i o n s between chromic c h l o r i d e and po tass ium 
f e r r o c y a n i d e . and be ry l l ium n i t r a t e and potassi\ im f e r rocyan ide 
in presence of potass ium aqua-penta f e r r p c y a n i d e : 
The fo l lowing s e t s of mixtures were p repa red : 
Set I 5 c c . of 10"'''M GrCl- + 5 cc . of 10""% K FeCy^..H20 
+ 0 . 2 c c . of lO-^M K.FeCy^^HgO. 
S e t l l 10 c c . of ^O'-'-M K^FeCy^ + 0 . 2 c c . of 10"^M CrCl 
+ 0 . 2 c c . of lO'^M K FeCy^.H20. 
Set III 10 cc. of 10-^M GrCl- + 0.2 cc of lO'^ K, FeCy^ 
+ 0.2 cc of lO-^M K^FeCy^.HgO. 
Similar mix tures were p repa red f o r b e r y l l i u m n i t r a t e -
potassium fe r r©cyanide r e a c t i o n and t h e e q u i l i b r i u m cons tan t 
. ( I l l ) -
values for the three different s e t of mixtures in the manner 
described above were ca lcula ted . 











Set I I Set I I I 



















Beryllium Nitrate~potassium ferrocyanide reac t ion; 
T A B L E - (66) 
Set I Set I I Set I I I 























•!^ .gigp_gr-§J^ JffQ-.!ppQffi'^ iQ"''^  J^^ d energy of ac t iva t ion ; 
The equilibrium constant values a t d i f ferent temperatures 
were calculated in the manner described above and the temperatus 
re&-coefficients K. 2_Q/V: were ca lcula ted for di f ferent 
r eac t ions . The energy of ac t iva t ion of the react ion was a lso 
1 1 
calculated from the equation, log (K-j_/K2)= - E/2.303R(-m - ^ ) ; 
Thus, t he temperature coeff ic ient and energy of ac t iva t ion of 
chromic chloride-potassium ferrocyanide react ion were found 
to be 1,3 and 14.75 KCal. permole respec t ive ly and those of 
beryllium ni t ra te-potass ium ferrocyanide reac t ion to be 1.8 
and 11.53 KCal. permole r e spec t ive ly . 
. - ( 1 1 9 ) -
and without the p resence of b e r y l l i u m i o n s ; 
To see t h e dependence on t h e r e a c t a n t s and t h e e f f e c t 
of beryl l ium ions on t h e r e a c t i o n between po tass ium f e r r o -
cyanide and n i t r o s o b e n z e n e , t he fo l lowing mix tures were 
p repared : 
1 . 0 . 2 c c , 0.4CC, 0 ,6cc and O.Scc of 10"^M G^HcNO were 
added in 5 c c . of 10~ M K^FeGy^, t h e t o t a l volume 
being 6 cc. 
2. 0.2cc, Oeif-cc, 0.6cc and 0,8cc of IC-'-M K FeCy^ were 
added in 5 cc of 10""^M G^HcNO, the total volume being 
6 cc. 
3« 0,2cc of lO^^M Be(N0o)2 ^^^ added t o the mixtures 
c o n t a i n i n g 0 . 2 c c , 0 ,4cc , 0 .6cc and O.^cc of 10""M 
C^H.NO i n 5 cc of 1 0 " % K^FeCy^, the t o t a l volume 
being 6 cc . 
4 . 0 .2cc , 0.4CC, 0 .6cc and O.Scc of 10~^M Be(N0^)2 were 
added i n a mixture con t a in ing 5 cc of 1 0 " % K.FeQy^ 
and 0.2cc of 10"^M C^HcWO, the t o t a l volume being 
6 cc . 
The spec t ropho tome t r i c measurements were made wi th 
the help of Hi lger Spekker Absorpfciometer u s ing 0.25 cm 
c e l l and f i l t e r no . 4» 
-(120)-
T A B L B ^ (67) 
Variations in O.D, with time. 
Mixtures 1,2,3 and 4 contain 3.3xlO~^M, 6.6x10'"%, 
l.OxlO^^Mand 1.3X10"-5M C^H^NO in 8.3xlO"^M K FeCy^: 


























































































F i g . 75 
T A B L E ~ (6g) 
V a r i a t i o n s in O.D. with t ime. 
Mixtures 1 ,2 ,3 and 4 con ta in 3 .3x10"%, 6.6xl0~^M, 
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- ( 1 2 1 ) -
T A B L E - (691 
V a r i a t i o n s i n 0«D, with t i m e . 
Mixtures 1,2,3 and 4 conta in 3.3xlO"''^M Be{mj)2 i n 
mixtures con ta in ing 3.3xlO'"^M, 6.6xlO~'^M, l „Ox lO"% and 
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F i g . 
















































V a r i a t i o n s in 0,D, wi th t ime . 
Mixtures 1 , 2 , 3 , and 4 con ta in 3.3xlO''^M, 6 . 6 x 1 0 " % , 
l.OxlO'^M and 1.3xl0'"^M Be(N0^)2 i n a mixture con t a in ing 











































































F i g , 78 
- ( 1 2 2 ) -
Effec t of Temperature; 
To see t h e e f f e c t of tempera ture an t h e v e l o c i t y of 
t h e r e a c t i o n , the fo l lowing mixtures were p repared : 
1 . 0.2CC of 1 0 " % G^ HcMO was added in 5 cc of 10~-^ M 
KjFeCy^, the t o t a l volume .being 6 c c , 
2 . 0 ,2cc of 10""% Be(N0-i)2 was added in a mixtvire 
con t a in ing 0.2cc of 1 0 " % G,HcNO and 5 c c . of lO'-'-M 
K.FeCy,, t he t o t a l volume be ing 6 c c . 
The r e a c t i o n s were s tud i ed a t four d i f f e r e n t t empera tu re s 
v i z , , 30° , 40° , 50° , and 6 0 ° , 
T A B L B - (71) 
V a r i a t i o n s i n O.D, with t i m e . 
The mix 
K^FeCy^ 
ture contains 3.3xlO*'5]y[ Q u NO and 8,3xlO"^M 
30 
Time 
0 Min . 
20 " 










































































































































T A B L S - (72) 
Variations in O.D, with time. 
The mixVore contains 3,3x10*"% Be(N03)2, 3.3X10"5M 











































































































F i g . 80 
Effect of pH: 
To see the e f f e c t of pH on the r e a c t i o n between 
potassium f e r r c c y a n i d e and n i t r o s o b e n z e n e , t h e fo l lowing 
mixtures were prepared : 
1 . 0.2 cc of lO'^ ^M C^HcNO was added in 5 cc of 10~^M 
KjFeCy^, the t o t a l volume be ing 6 c c . 
2 . 0.2 cc of 10~^M Be(N0o)2 was added i n a mixture 
c o n t a i n i n g 0 .2cc of lO^^M C^HrNO and 5 cc of 10~^M 
K.FeCy., t h e t o t a l volume being 6 c c . 
The pH measurements were c a r r i e d out w i th t h e he lp 
of Beckmann pH meter Model G. 
- ( 1 2 4 ) -
T A B L E — (73) 
V a r i a t i o n s in O.D, with t i m e . 
The mixture con ta ins 3.3x10**% C^HcNO and g,3xlO~^M 
K^FeCy^, 
Time 










2 . 3 
o.n; 
0 . 2 3 
0 . 3 1 
0 . 3 s 
0 .42 
0 .45 
0 , 4 7 
OJ^B 
0 , 5 0 






















O.D, T i 
0 . 2 4 0 
0 .35 20 
0 ,42 40 
O.4S 60 
0,52 ao 
0 .55 100 
0,5B 120 
0 , 5 9 140 












4 , 0 
O.D. 
0 . 2 3 
0 . 4 1 
0 . 5 4 
0 .65 
o;73 
0 . 7 9 
o:a3 0*^4 
0 . ^ 6 
F i g . SI 
T A B L E . (74) 
V a r i a t i o n s in O.D. with t i m e . 
The mixture conta ins 3 . 3 x 1 0 ' % G^H^NO , 3 . 3 x 1 0 " % Be(NO|), 












2 . 1 
O.D. 
• 0 . 3 3 
0 .42 
0 . 4 9 
0 .55 
0 .60 
0 , 6 4 












3 . 1 
0 ,D . 
0 .35 
0 .46 
0 . 5 4 
0 . 6 0 
0 .65 















3 . 6 
O.D. 
0 . 3 7 
0 . 5 2 
0 . 6 3 
0 . 7 0 
0 .76 
Of§^ 0 :86 
olS9 
0 .92 
0 . 9 3 
Fig . S2 

- ( 1 2 5 ) -
Bffect of f o r e i g n e l e c t r o l y t e s ; 
To see t h e inf luence of c h l o r i d e , s u l p h a t e and 
n i t r a t e ions on the r e a c t i o n , t h e fo l lowing mixtures were 
prepared: 
1^ 0.,5 c c , 1 cc , 1,5 cc and 2 cc of 10 M KCl were added 
in a mixture of 0.2 cc of 10"^M C^ HrMO and 5 cc of 
10"-^M K^FeCy^, the t o t a l volume being 9 c c . 
2 , 0«5 cc , 1 cc , 1,5 cc and 2 cc of 10""-^ M K2SO, were 
added in a mixture of 0.2 cc of lO^^M CxHrNO and 
D 5 
5 cc of 10 M K.FeCy^, the t o t a l volume being 9 c c . 
3 . 0 .5 cc , 1 cc , 1.5 cc and 2 cc of lO"" M K NO, were 
added in a mixture of 0 .2 cc of lO'^ ^M G^HcNO and 5 cc 
of lO'-^M K.FeCy^, t h e t o t a l volume be ing 9 cc . 
V a r i a t i o n s in 0,D<. with t ime . ' 
Mixtures 1,2,3 and 4 con ta in 5.5x10'"%, l . lxlO^^M, 
l ,6xlO-^M and 2.2xlO"^M KGl in a mixture of 2.2xlO'"'^M 


































































Fig . 83 
• - ( 1 2 6 ) . 
T A B L E , (76) 
V a r i a t i o n s in 0»D, with tslme. 
Mixtures 1 ,2 ,3 and 4 con ta in 5,5xlO~%, l . l x l O ' ^ M , 
~^2 "U 1.6xlO"'^M and 2.2x10"" M K^SO, i n a mixture of 2.2xlO"'^+M 











































F ig . 84 
























Variations in O.D. with time. 
Mixtures 1,2,3 and 4 conta in 5 .5x10"%, l . lxlO~^M, 
1.6xlO"^M and 2 . 2 K 1 0 " ^ M K NO. in a mix ture of 2 . 2 x l 0 ~ % 

































































P i g . 85 
- ( 1 2 7 ) -
Order of the Reac t ion ; 
The follovd.ng s e t s of mixtures were prepared : 
Set I 5 cc , of lO'-'-M K. FeCv^+ 5 c c . of lO^^M G^HcNO 
Set I I 1 c c . of lO -^'-M K^FeGy^+ 5 c c . of I Q - ^ M G^H^NO 
Set I I I 5 cc . of lO^-'-M K^FeGy^+ 1 c c . of 10"^M C^H^NO 
Similar mixtures were a l so p repared in p resence of 
b e r y l l i u m . i o n s . 
The equ i l ib r ium cons tan t va lues were c a l c u l a t e d f o r the 
d i f f e r e n t s e t s of mixtures in t h e manner a l r eady d i scussed in 
the case of chromic c h l o r i d e potass ium fe r rocyan ide r e a c t i o n . 
The spec t ropho tomet r i c measurement were made wi th t h e 
help of Hi lger Spekker Absorptiometer us ing 0,25 cm c e l l and 
f i l t e r no. 4 . 
Potassium f e r r o c y a n i d e - n i t r o s o b e n z e n e r e a c t i o n ; 
T A B L E - (7g) 
Set I 
"K=l/tTx/aiTa-xT 
Set I I 
K = 2 . 3 0 3 / t , 
Set I I I 































isium ferrocyanide-nitrosobenzene reac t ion 
'esence or, peryllium, ions; 
T A B L B - (79) 
Set I 
K=l / t ,x /a (a -x) 
Set I I Set I I I 




























The temperature coeff ic ient of the reac t ion between 
potassium ferrocyanide and nitrosobenzene was found to be 
nearly 1.3 and the energy of ac t iva t ion to be 5.376 K Gal 
permole. 
(129)-
D I S C U S S I O N 
The react ions between heavy metal s a l t s and a l k a l i 
ferro and ferr icyanides take place almost instantaneously^ 
Physico^ chemical inves t igat ions on them present few d i f f i c u l t i e s 
and more or less precise information about the i r composition 
is obtained by making a comparison of the data of d i f fe ren t 
methods employed. In t h i s f i e ld there a re , however, react ions 
which proceed quite slowly at the room temperature and take 
suf f ic ien t tiihe for completion. Their study presents a number 
of d i f f i c u l t i e s and i t i s no easy task to say something precise 
regarding the mechanism of the reac t ions or the composition of 
the r e su l t i ng products. The react ions of Gr ( i i i ) with potassiugi 
fer ro and fer r icyanides , or Be ( i i ) with these complexing agents 
may be taken as t yp ica l examples of the l a t e r type of reactions^ 
Chromic chloride*.potassium ferrocyamide reac t ion : 
The s t r i k i n g features of this react ion a re : (1) pH 
Spec i f i c i ty - the r a t e of the react ion being maximum at pH 4^5, 
i t becoming slow below t h i s pH and almost coming to a s top 
above i t , (2) Increase in the pH of the reac t ion mixture during 
the Course of the reac t ion , (3) Increase in the r a t e of the 
react ion in presence of potassium aqua-pentacyanide (a, product 
of hydrolytic decomposition of potassium ferrocyanide )» Besides, 
the react ion is highly temperature dependent, the time of completic 
being considerably reduced at higher temperatures. 
On studying the k ine t i c s of the r eac t ion , i t i s found 
tha t the reac t ion i s a f i r s t order one with respec t to e i the r of 
-(130)-
the reactants ( vide Table 60 and 61 ) and is birnolecular 
when the reactants are present in equimolecular proportion in 
the reaction mixture ( vide Table 59 ). From these facts it 
may be concluded th?t the reaction between chromic chloride 
and potassium fer ocyanide is a second order one and should 
be dependent both upon the concentration of Cr (iii) ions as 
well as FeUy ions. Ordinarily the reaction may be repre-
sented as a simple double decomposition reaction : 
CrCl^ + K,FeCy^ = KCrFeCy^ + 3KC1 . 
but the factors controlling the reaction (enumerated above) 
undoubtedly indicate that it takes an unusual course and 
should have a definite mechanism behind it. 
The decomposition of potassium ferrocyanide into 
aqua-pentacyanide is quite a slow reaction and only under 
the influence of intense radiations, a perceptible change 
is realised. The development of reddish brown colour 
accompanied by an increase in pH as well as appreciable rise 
in the rate of the reaction, lends supports to the view-
point that the decomposition of potassium ferrocyanide is 
easily achieved in the presence of Cr (iii) ions. Since, 
it has already been established th^ it chromic ferrocyanide 
exists as a definite complex (vide Malik, loc. cit. ; 
. (131) -
chapter I - the r e s u l t s of chonical ana ly s i s ) , i t is 
also l ike ly t ha t the decomposition product does not remain 
as such but may combine with Gr ( i i i ) ions to give a coratjlex 
having f i^ -^e cyanogen rad ica l s in the coordinating sphere 
instead of usual s i x . 
The following steps may be v isual i sed to take 
place : 
( i) FeCy^"^ + HgO ^ (FeCy . HgO ) -^ " + CN~ 
( i i i ) (FeCy^. H^ O )^^ + OH' 
(iv) (FeCy^.OH)^- + Cr^ "" -- ^ (Cr(FeGy^. OK) ) " 
The react ion (i) is a slow and can be made f a s t e r 
only when the decomposition product is removed af te r the 
in terac t ion with Cr ( i i i ) ions. Since the p o s s i b i l i t y of 
d i rec t combination between Cr ( i i i ) ions and K^FeCy H^ O 
is very remote ( as evident from the fac t that no apparent 
change takes place on mixing GrCl~ and K.FeCy H^O and on 
keeping i t for a number of days ) , the only course open for 
such a combination is via ( i i i ) where OlT ions enter into 
the coordinating sphere, giving r i s e to the formation of 
(FeCyt-.OH) ~ ions. The reac t ion (iv) represents the f o r -
mation of the Complex by a process dependent both upon the 
- (132)-
concentration of K,(FeCy .OH) and CrCl_ in the react ion 
mixture. The react ions ( i i ) and ( i i i ) supported by the facts 
that the pH of the react ion mixture increases with time 
(Fig. 71 ) and the presence of K^FeCy , H^O increases the 
r a t e of the react ion ( Fig. 45, 46, and 47 ) . The react ion 
( i i i ) wi l l a lso be favoured in the higher pH range. This i s 
what has ac tual ly been observed. The react ion would have 
been a l l the more f a s t e r beyond pH 4 .5 , but for the fac t that 
the upper l imi t for onset of p rec ip i t a t i on (it? 4.4 ) of 
Cr (OH)^ is reached and v e r y l i t t l e Cr ( i i i ) ions are avai lable 
for using up the decomposition products of potassium 
ferrocyanide. The r e s u l t s for the d i f ferent mixtures are depictr 
ed in Figs, 5I , 52, 53 and 54. The temperature coeff ic ient 
for the react ion has been found to be 1.3 and energy of 
ac t iva t ion to be 14.75 Kcal. per mole. 
Kinetic s tudies carr ied out in presence of 
K-FeCy . H_0 also lends support to the r e s u l t s that the 
reac t ion is a second order one. The values of K are higher 
than those obtained without the presence of K^FeCy^.H^O 
(compare Tables, 59 60, 61 and 65 )« 
Chromic chloride-potassium fer r icyanide reac t ion : 
The reac t ion between chromic chloride and potassium 
- ( 1 3 3 ) -
ferr icyanide di f fers from corresponding reac t ion with 
potassium ferrocyanide in more than one way. The reac t ion 
does not proceed at the room temperatxire and shows ©n 
i r regular var ia t ions in pH with time. Unlike chromic 
chloride-potassium ferrocyanide reac t ion colour changes are 
observed only at higher temperatures ( Figs, 2$ to 32 ) and 
these too are less marked than in the previous cases . No doubt 
an i n i t i a l increase in pH is observed in t h i s case also but 
a f te r a cer ta in l imi t begins to decrease ( Fig. 72 ) , The 
influence of the pH of the medium as well as that of the 
temperature i s , however, the same as in the chromic chloride 
-potassium ferrocyanide r eac t ion . 
Experiments on the determination of the order of the 
react ion lead some doubts regarding the attainment of e q u i l i -
brium Conditions in th i s r eac t ion . No d i r e c t evidence is 
forthcoming by which i t is possible to say tha t i t is of the 
second order, Niether i t is poss ible to say that i t is of 
the f i r s t with respect to e i t he r of the reac t^n ts (Table 62 ) . 
The behaviour i s not an unusual one since chromium complexes, 
in most cases, are quite unstable so much so tha t i t is not 
possible to determine t he i r s t a b i l i t y cons tants . 
The changes taking place in chromic chloride-potassi\;im 
- (134) ' 
f e r r i c y a n i d e r e a c t i o n may, by analogy, be w r i t t e n as follovira : 
( i ) FeCy^"^ + H^ O ^ ( FeCy^. HgO )^~ + CN~ 
( i i ) ON' + HgO = OH" + HCN 
( i i i ) ( FeCy^. H^ O ) ^ ' + OH"" ; ^ (FeCy^ OH^  +^2° 
( iv) (FeCy OH )^"" + Gr^* . , v Cr(FeCy.. OH) 
I t appears t h a t the decomposit ion of KO^^^YA i n t o 
K^FeCy_. H^ O i s q u i t e slow and Cr ( i i i ) ions are no t ab l e 
to remove completely the decomposit ion p r o d u c t . I t i s for 
t h i s reason t h a t t h e r e a c t i o n ( i i ) dominates for sometime 
and then takes backward course , i . e . the re fo rmat ion of 
potassium f e r r i c y a n i d e , the r eagen t with which CrCl- would 
no t r e a c t as such. The r e s u l t s on the composi t ion of chromic 
f e r r i c y a n i d e by phys ico-chemica l methods ( M a l i k , l o c . c i t . ) and 
chemical a n a l y s i s ( chap te r I ) proi'-ider. some evidence to the 
above mechanism. 
B e r y l l i u m n i t r a t e - p o t a s s i u m f e r r o c y a n i d e r e a c t i o n : 
The r e a c t i o n between Be ( i i ) and potassium f e r r o c y a n i d e 
a l though a slow one, t akes p l ace with measurable v e l o c i t y only 
in the h ighly a c i d i c medium ( pH jb? 1.0 ) . With i n c r e a s e in 
pH i t slows down, s t opp ing a l t o g e t h e r i n the v i c i n i t y of pH 4 .0 . 
In t h i s pH range a t u r b i d i t y a p p e a r s . The co lour v a r i a t i o n i n 
- (135) -
th i s react ion is qui te different from that in the chromic 
chloride potassiiim fer--ocyanide r eac t ion . Here a blue Colour 
develops instead of the reddish brown and the complex shovTS 
lesse r tendency to remain in solut ion than the chromic f e r ro -
cyanide complex. Thus i t is found tha t on keeping the mixture 
overnight a tu rb id i ty se ts in, the blue p r ec ip i t a t e separat ing 
f ina l ly , 
The f i r s t thing to be accounted for is the development 
of blue colour. Such a colour cannot be solely due to the 
formation of beryllium ferrocyanide, which, in a l l p robab i l i ty , 
i s white in colour. Potassium fer-ocynide is knovm to decom-
pose slowly in the highly acidic medium to gi^/e Iron b lues . A 
change of t h i s sor t is quite l ike ly in t h i s react ion also with 
the only difference that the colour is much f a s t e r and develops 
more quickly than in the presence of hydrochloric acid alone. 
According to Pinter ( loc . c i t . ) , the appearance of 
blue colour is due to the reac t ion : 
4K + 8FeCy^4- + 26 H"*" + O2 = 4K (Fe(FeCy^) ) + 24HCN 
+ 2 HgO. 
and that it gets catalysed in presence of mercuric ions by 
a complicated mechanism of the type : 
- ( 1 3 6 ) -
4 - V r^  2 + ( i ) FeCy^"^" -^ Fe''"' + 6 Cy" 
( i i ) 2Gy- + Hg^^ ; X HgCy^ 
( i i i ) 2Fe^'' + Og ^ . — ^ - ^ Fe^"" _ j) _ , „.„0^ Fe^"" 
( iv) Fe^-^-r-r:_0-:----. O-Fe^"^ + 2 H'^  . >• 2Fe^'^ + 0 + HgO 
2+ _ _ 2+ ^ ^y-(v) 2Fe + 0 ^ F e — - _ ^ 0 —;—.' Fe 
(v i ) Fe^""-- " - 0 — - — - Fe2++ 2H ' ' ^ ^2Fe^'^ + H^O 
( v i i ) FeCy^^" + Fe^-^ + K* v— -^  K(Fe(FeCy^)) 
( v i i i ) HgCy^ + 2H'' s ^ Hg^ "^  + 2 HCN 
viJhile p u t t i n g forward t h i s mechanism, p i n t e r had 
ignored two important p o i n t s : 
( i ) t h e p o s s i b i l i t y of t h e i n t e r a c t i o n of mercur ic ions with 
potassium f e r r o c y a n i d e t o give mercur ic f e r r o c y a n i d e , ( i i ) t h e 
decomposit ion of potass ium f e r r o c y a n i d e i n t o equa-pentacyanide 
in presence of heavy meta l i ons , e s p e c i a l l y the mercur ic ions 
( v ide , Smsehwiller ; Asperger ; l o c . c i t . ) . Wien the two 
p o i n t s a r e cons idered the r e a c t i o n would take an. a l t o g e t h e r 
d i f f e r e n t course . To us i t appears t h a t t h e r e a c t i o n between 
bery l l ium n i t r a t e and potassium f e r r o c y a n i d e comprises of two 
p o r t i o n s , each equa l l y in p o r t a n t in i t s own way : ( i ) 
formation of P russ i an b lue from potass ium f e r r o c y a n i d e in 
presence o£ t r a c e s of be ry l l ium ions , ( i l ) i n t e r a c t i o n of 
-(137)-
Be "*" with potassium ferrocyanide to give beryllium ferrocya-
nide. 
1, Formation of P rus s i an b lue : 
The r e a c t i o n appears to ge t c a t a l y s e d in presence 
of minute amounts of beryllixjm i o n s , and the fo l lowing 
mechanism may be proposed for i t : 
( i ) FeCy^^- -^—^ > (FeGy^.H20)^" + ON" 
( i i ) ON" + HgO = OH"- + HON 
(i i i)(FeGy^.H20)^"" + 0^":^===^. (Fe(OH)Cy^)) ^-+ H2O 
( iv) {Fe(OH)Cy^)^~ : ^ = z r ± FeCOH)"" + 5 Cy" 
(v) Be^% 2 Cy- ^----^••^ . ^^ -y2 
(v i ) FelOH)"- + H"" ~ - ^ Fe^"" + H2O 
( v i i ) 2Fe^'*' + 0 + 2H"*" — — ^ 2 Fe^* + H2O 
( v i i i ) F e ^ ^ K"" + FeCy^^^ ; —^ K(Fe((;FeGy^) )• . : 
Or 
Fe-^ "" + K"^  +(Fe(OH)CvJ^-''--——-^K(Fe(Fe(QH^Cy^^ 
( ix) BeGy2 + eH'' --^^ ie^^- + 2 HCN 
In t h e above mechanism, r e a c t i o n ( i ) r e p r e s e n t s the 
decomposition of potassium f e r r o c y a n i d e i n t o aqua-pentacyanide 
in presence of Be ( vide 2 below ) , while r e a c t i o n ( iv) 
+ 
i n d i c a t e s t h e e x i s t e n c e of an i n t e r m e d i a t e Fe (OH) . On the 
otherhand, r e a c t i o n (v) c a t a l y s e s the decomposi t ion whiaie ( ix) 
- (138)-
2+ 
regenerates the ca t a ly t i c agent i . e . Be ions. The Iron 
blue formed can e i the r be represented as super complex of the 
type ( Fe ( FeCy^) )" or ( Fe ( Fe( OH ) Gy^  )~ . 
2. Formation of beryllium ferrocy^nide : 
The react ion is quite slow with d i l u t e solut ions of 
the reactants, . As already s t a t ed the product of the react ion 
is white in colour and i t vvould have been d i f f i c u l t to study 
i t s k ine t ics by colorimetr ic method, had i t not been for the 
fact that a blue colour develops during the course of the rea-
ction and . absorption measurements are possible in the v i s i b l e 
region, 3mploying th i s indi rec t method, the following l i gh t can 
can be thrown on the k ine t i c s of beryllium ni t ra te-potass ium 
ferrocyanide reac t ion . 
The fac ts v i z . , increase in pH of the react ion mixture 
during the course of the reac t ion , increase in the r a t e of 
th'e react ion in presence of potassium aqua-pentacyanide e t c . 
are the same as observed previously. 
The react ion is a f i r s t order one with respect to 
e i the r of the reac tan ts ( vide Table 63 ) and is bimolecular 
y&ien the reactants are present in equimolecular proportions 
in the reac t ion mixture ( -^ /ide Table 63 ) . From these fac t s 
i t may be concluded tha t the reac t ion between berylli\im 
n i t r a t e and potassium ferrocyanide is of the second order 
- ( 1 3 9 ) -
and should be dependent both upon the c o n c e n t r a t i o n of 
Be ions as we l l as FeCy^'~ i o n s . The fo l l ovdng s t eps may be 
v i s u a l i s e d to t ake p lace : 
( i ) FeCy^" + HgO ;^^,^ ^ (FeCy^. H^ O ) ^ - + GN" 
( i i ) CN' + HgO -^ - = OH" + HCH 
( i i i ) (FeCy.. H^ O ) ^ " + OH" > (FeCy^. CH )^~ + U^O 
( iv) 2 (FeCy^. OH) ^ - + 3Be^'" ^ (863 (FeCy^.OH)^ )^~ 
or 
(FeCy^. OH )^~ + Be^"" ^^.^ {Be(FeGy^. OH ) f ' 
The mechfinism sugges ted above i s j u s t the same as fo r 
the chromic c h l o r i d e potassiujn f e r rocyan ide r e a c t i o n , here t h e 
Be ( i i ) ions b r i ng about the decomposit ion of potassium f e r r o -
cyanide in to aquapentacyanide . 
The r e s u l t s on the chemical a n a l y s i s of bery l l ium 
fe r rocyan ide desc r ibed in chap te r I a l so suppor t t he above 
view p o i n t . 
The tempera ture c o e f f i c i e n t for t he r e a c t i o n has been 
found to be l . S and energy of a c t i v a t i o n to be 11.53 Kcal . p e r -
mole. 
K i n e t i c s t u d i e s c a r r i e d out in p resence of K,FeCy_.H^O 
a l so suppor t the f a c t t h a t t he r e a c t i o n i s a second order one . 
The values of K a re h igher than those ob t a ined v/ithout t h e 
- (140) -
presence of KoFeCyc. H^ O { compare Tables 63 and 66 ) . 
Beryllium n i t r a t e potassjiim ferr lcyanide react ion ; 
The react ion between beryllium n i t r a t e and potassium 
ferr icyanide react ion d i f fe rs from the corresponding reac t ion 
'With potassium ferrocyanide in more than one way. The react ion 
does not proceed at the room temperature and shows an i r regu la r 
var ia t ions in pH with t ime. Unlike beryllium n i t r a t e potassium 
ferrocyanide react ion colour changes are observed only at higher . 
temperatures and these are less marked than in the previous casas, 
Ko doubt on i n i t i a l increase in pH i s observed in t h i s case also 
but af ter a cer ta in l imi t i t begins to decrease { Fig 72 ) , The 
influence of the pH of the medium as v^rell as that of the temperature 
i s , however, the same as in the beryllium n i t r a t e rotassiimi 
ferrocyanide reac t ion . 
In short the reac t ion between beryllium n i t r a t e and 
potassium ferr icyanide on the one hand and that between berylli-um 
n i t r a t e and potassium, ferrocyanide on the other , d i f fers jus t the 
same ways as the Gr ( i i i ) - potassium fer r icyanide and Cr ( i i i ) -
potassium ferrocyanide r eac t ion . 
In contrast to the blue colour appearing in the case of 
beryllium ferrocyanide reac t ion , here the colour is greenish 
brown. This fact indicates that the decomposition of potassium 
ferr icyanide also takes place in presence of Be ions and that 
f e r r i c - f e r r i c y a n i d e Fe' ( FeCy^) , green in co lou r , i s formed 
in the r e a c t i o n mix ture . 
The presence of t h i s colour does no t , hov\?ever, h e l p in 
de termining the order of t h e r e a c t i o n . However, by analogy, t h e 
fo l lowing mechanism may be suggested : 
( i ) FeCyg- ^ ,^^^ ^ (FeGy^. H^ O ) ^ - + CN" 
( i i ) CN' + H2O = 0H~ H- HCN 
( i i i ) ( FeCy^. H^ O ) ^ " + OH" ^ (FeGy^. OH)^" + H2O 
( iv) ( FeCy^. OH ) ^ - + Be^"" ^ (Be (FeCy.. OH ) ) -
(v) ( Be (FeCy^ . OH) ) " + K *" '• K (Be(FeGy^. OH ) ) 
Potassium f e r r o c y a n i d e - n i t r o s p b e n z e n e r e a c t i o n with and withojit.^ 
the p resence pf Be . 
The r e a c t i o n between potassium f e r r o c y a n i d e and 
n i t ro sobenzene got c a t a l y s e d by be ry l l i um i o n s . The c a t a l y t i c 
e f f ec t was followed by spec t ropho tome t r i c measixr'ements of t h e 
3 
v i o l e t complex ( FeCy-. C^ H^ NO ) '^  , The c a t a l y t i c a c t i o n 
I "5 
r e l a t e s to the d i s s o c i a t i o n of FeCy^~ t o (FeGyr. H^O )-^~ and 
the s u b s t i t u t i o n of HpO molecule by a molecule of n i t r o s o b e n z e n e , 
2+ I t was found th t t h e presence of Be ions in very 
smal l q u a n t i t i e s was s u f f i c i e n t t o develop the v i o l e t c o l o u r , 
whose i n t e n s i t y inc reased with the l a p s e of t ime ( F ig , 77)^ 
-(142). 
The react ion was found to be dependent on the concentrat ion 
of Be^ "^  ions ( Fig. 78 ) , The reac t ion was also found to be 
dependent upon the concentration of nitrosobenzene as well ag 
potassium ferrocyanide ( Fig. 75 and 76 ) . 
The ra te of formation of the iriolet product was alsc 
found to be dependent upon the pH of the medium. I t was 
highest when the pH of the mixture was adjusted between 3.5' 
to 3.6 ( Fig. B2 ) for the catalysed r eac t ion . However, the 
uncatalysed react ion the pH at Which the reac t ion a t t a ins 
maximum speed was found to be 4.6 ( -^'ig. ^1 )-. Furthermore, 
the r eaction p rac t i ca l l y stops in the higher pH range. At 
higher temperatures, the equilibrium vvfas a t ta ined more qxiickly 
( Figs 79 and BO ) , The reac t ion was also found to become slow 
in presence of the neu t ra l s^ l t ( Figs, 83, Bk and 85 ) , 
The k ine t ics of the react ion between nitrosobenzene 
and potassium ferrocyanide with and without the presence of 
beryllium ions was s tudied . I t v/as found tha t both the reactions 
were of the second order ( vide Table 78 and 79 ) with the 
only difference that the K values were much higher for the 
react ion carr ied out in presence of Be~ than without i t . This 
fact a lso lends support to the view tha t the react ion between 
potassium ferrocyanide and nitrosobenzene is catalysed by 
- ( 1 4 3 ) -
beryl l i i im c i o n s . 
Keeping the above f a c t s in view, t h e fo l lowing 
mechanism may be proposed : 
2+ p 4_ HO -5 
( i ) Be -^  FeOy^ 1 _ _ ^ (FeCy^. H.^ 0 ) ^ - + (BeCy) -^  
*c "" ^ '~ 
( i i ) (FeCy^. HgO )^^ + G^ H^ NO ^ (FeCy^. C^H^NO )^"+ HgO 
t h e in t e rmed ia t e product BeCy with hydrogen ion r e g e n e r a t e s 
a be ry l l ium ion as 
( i i i ) BeCy* + H* = Be^"^ + HON 
Enschwi l le r ( l o c . c i t . ) sugges ted a s i m i l a r 
mechanism fo r the c a t a l y t i c decomposi t ion of potassium f e r r o -
cyanide by Hg ions^ 
R S F B R B N, G B S.. 
1. Bamberger, E., Ber., 22 , 1555, 1^94. 
2. Hoffmann, K.A., Mnalen, .^i^ , 1-33, 1900. 
3. Hoffmann, K.A., Z.anorg. Ghem., 11,, 228, I896I 
4. 'Text book of Inorganic Chemistry', edited by Newton friend, 
Vol.IX, part II, p.235. 
5 . Hoffmann, K.A., Cambi, Gaze t t a , J^l, 157, I 9 I I 
C H A P T E R IV 
Kine t i c s of t h e decomppslt ion of pota:ssiu3n molvbdocyanide 
-by C r ( i i i ) and chemical a n a l y s i s of chromic-molybdoCyanide 
complex. 
(144)-
The react ion between chromic chlor ide and potassium 
molybdocyanide presents many in t e re s t ing features ".vorth 
Considering, The reac t ion is a slow one and i s la rge ly 
dependent upon the concentration of the reactants and the 
temperature. V/ith d i l u t e so lu t ions , the react ion is too slow 
at the room temperature and no v i s i b l e change in colour i s 
observed even on keeping the react ion mixture for more than 
24 hours. ViJith concentrated so lu t ions , however, development 
of colour is pereept ib le af ter eight to ten "hours a t the room 
temperature. Moreover, the reac t ion becomes f a s t e r a t higher 
temper at ijres. Thus a t 50° with d i l u t e so lu t ion , s l i g h t deve-
lopment in colour took place af ter two to three hours, while wit! 
Concentrated so lu t ion , a percept ible change in colour from 
yellow to red, is observed under s imi la r condi t ions . This 
r eac t ion , however, d i f fe rs from the chromic chloride potassium 
ferrocyanide reac t ion in one important aspect v i z . , the c o l l o i -
dal behaviour of the p r e c i p i t a t e , Wliile i t was observed that 
chromic ferrocyanide ex i s t s in the form of co l lo ida l p r e c i p i t a t e 
1 o 
and undergoes gelat ion a t 80 , no such property was observed 
while studying the in terac t ion of chromic chloride and potassiumi 
nolybdocyanide. 
This chapter deals with the results on the chemical 
- ( 1 4 5 ) -
a n a l y s i s of chromic molybdocyanide and t h e k i n e t i c s of i t s 
fo rmat ion . 
3 I F 3 R I M 3 N T A L 
Chromic chloride solution was prepared in the 
manner described in the previous chapters. 
Potassium octacyanomolybdate (iv) may be prepared 
by the action of potassium cyanide upon certain tri-,tetra-, 
or pentavalent derivatives of molybdenum. The latter are 
obtained by chemical " or electrochemical redxiction of 
8 
molybdic acid. The method recommended by Rosenheim and 
9 later modified by Fieser for the preparation of potassium 
molybdocyanide was followed here. The procedure recommended 
by Kolthoff was followed for the standardisation of the 
molybdocyanide solution. The standard solution was stored 
in dark coloured bottles. 
The spectrophotometric measurements were made with 
the help of Hilger Spekker Absorptiometer using 0,5 cm cell 
and filter no. 1. The pH of the solution were measured 
with the help of Beckmann pH meter Model G. 
-(U6)~ 
The de s i r ed tempera ture of the experiment was 
mainta ined on a t h e r m o s t a t i c water b a t h . 
Effect of t empera ture_ : 
To see t h e e f f e c t of t empera ture on the r e a c t i o n 
between chromic c h l o r i d e and potassium molybdocyanide, t h e 
fo l lowing two s e t s of mixtures were prepared : 
Set I . I c e , 1.2cc, 1.6cc and 2cc of 10" MCrGl^ were added 
to 5cc of 10" M K, MoCy^, t h e t o t a l volume being 12cc, 
Set I I . I c e , l , 2 c c , 1.6cc and 2cc of 10~ M K.^^Cyg were added 
t o 5GC of 10"" M GrGl^, t h e t o t a l volume being 12 c c . 
The r e a c t i o n s were s tud i ed a t f i v o d i f f e r e n t tempera-
t u r e s 20° , 30° , 40°, 50°, and 60° ; The obse rva t ions wore 
recorded in the fo l lowing t a b l e s . 
- ( U 7 ) -
T A B L E -- y , 
V a r i a t i o n | i n 0,D. with t ime, 
-3 2 
Mixtures 1 ,2 ,3 and 4 c o n t a i n S,3xlO M, 1,0 xlO" M, 












































































F i g , 86 
T A S L S ^ (2) 
V a r i a t i o n s in O.D, wi th t ime . 
Mixtures 1 ,2 ,3 and 4 con ta in 8.3xlO~-^m, l . O x l o " M, 1.3xlO"^J' 
and 1.6xlO"^M K^ I-fcCyg in 4.1xlO'"^M CrCl3_ Temp, =20° 
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T A 3 L S - (3) 
V a r i a t i o n s in e.D, wi th t ime. 
Mixtures 1, 2, 3 and 4 con ta in 8.3x10 -^ M, l.OxlO M, 



































































F i s , BB 
- { I 4 9 ) r 
T A B L 3 - iU) 
V a r i a t i o n s in O.D. witfct t ime . 
Mixtures 1,2, 3 and h con ta in 8.3 xlO "^ M, 1.0x10 M. 
1.3xlO~^M and LdxlO '^M K, MoGyg in 4.1xlO"^M CrCl- . 



































































V a r i a t i o n s in O.D, wi th t ime . 
Mixtures 1 ,2 ,3 and 4 con ta in 8.3xlO"^M, 1.0xlO~'^M, 
1.3xlO'"^M and 1.6xlO~^M GrCl^ in 4 . 1 X 1 0 - ^ M K, MDCy .^ 
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. f)*?. l o - r'Q: 
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^^?<J?5' ' ^ r ?^'^^^'^'^^"-^ 
- (150)« 
T A B L S , (6) 
V a r i a t i o n s in 0,D» with t ime . 
Mixtures 1,2, 3 and 4 Contain 8.3xlO'-^M, 1.0 xlO^^M, 
1.3xlO''^M and 1.6xlO"^M K, ^foCy. in 4.1xlO"^M CrCl- . 

































































Fig . 91 
T A B L a ~ (7) 
V a r i a t i o n s in 0,D. with t ime . 
Mixtures 1 ,2 ,3 and 4 con ta in 8.3xlO"^M, 1.0xlO"^M, 
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- ( 1 5 1 ) -
T A B L S > (g) 
V a r i a t i o n s in O.D, vvith time . 
Mixtures 1,2, 3 and 4 con ta in S.3xlO''-^M, 1.0xlO"^M, 
l,3xlO"^M and l,6xlO"^M S^ffeCyg. in 4.1xlO"^M CrCl^. 























































F i g , 93 
T A B L 5 - (9) 
V a r i a t i o n s in O.D. with t ime , 
~3 -2 
Mixtures 1,2, 3 and 4 con ta in 8.3x10 M, 1.0x10 M, 
1 . 3 x 1 0 " ^ and 1.6xl0"^M CrCl-in 4.1xlO''^M K,]VfoCy ,^ 
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T A B L E - (10) 
V a r i a t i o n s in 0,D. with t ime. 
-3 -2 
Mixtiores 1 ,2 , 3 and 4 c o n t a i n ^.3x10 M, 1.0x10 M, 




















































F ig . 95 
a f f e c t of pH ; 
To see the e f f e c t of pH on the r e a c t i o n betvieen chromic 
ch lo r ide and potassium molybdocyanide, t h e follov.dng mixtixres 
were prepared : 
-2 Set I 0.5CC, I c e , 1.5CC, 2cc and 3cc of lO M CrCl^ were 
added t o 5cc of 10"^M K, ^^Yg* ^^e t o t a l volume be: 
8cc, 
-2 Set II 0.5CC, Ice, 1.5CC, 2cc and 3GC of 10 M K MoGy^ wei 
-2 
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- ( 1 5 3 ) -
The r e a c t i o n s were s t ud i ed at pHs 2 , S , 3.1 snd 4 . 5 . 
The temperature was main ta ined a t 60 . 
T A B L E i l l ! 
Variations in O.D. with time, 
Mistures 1,2,3,4-& 5 contain 6,2xlO"S.!, 1.2xlO''^ M, 




















































































- ( 1 5 4 ) -
T A B L a - (12 ) . 
Va r i a t i ons i n O.D. wi th t ime . 
Mixtures 1, 2, 3 , 4 and 5 con ta in 6.2x10 ^M, 1.2x10 -"M, 
l . S x l O " \ , 2 .5x lO" \ f and 3.7xlO"^M MfoCy^ in 6.2xlO-^M GrCl^ 
pH := 2 .8 
Ti-ne O.D. O.D, 
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T A B L 3 - ( 13 ) 
V a r i a t i o n s in O.D. with t ime . 
f-lixture 1 , 2 , 3 , 4 and 5 con t a in 6 .2x10"Si , 1.2xlO~-^M 
1 . 8 x l 0 - \ 2.5xlO~^M and 3.7xlO~^M CrCl^ in 6.2xlO"^M K^MoCyg. 
pH = 3.1 
Time O.D. O.D. O.D. O . D ; O.D. 
Mix. 1 Mix. 2 Mix. 3 Mdx. 4 Mix. 5 
0.11 0.13 0.16 0.17 0.20 
0.112 0.132 0.162 0.172 0.202 
0.114 0.136 0.166 O.I84 0.204 
0.12 0.158 0.19 0.212 0.23 
0.14 0.176 0.21 0 .23 0.252 
0.158 O.I84 0.218 0.234 0.266 
0.169 0.188 0,22 0.236 0.274 
0.17 0.19 0.22 0.238 0.28 
—»M.gi .» i . . . i» . ».MMi ,—1111 • • • • •• i iwiwwi—• MLiiinai. irii I I i.i.i. III.. . . x . i c i i . g i n i !!• nmni ••ii—m m » IIMIIMIMM 
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T A B L B - (lU) 
Var i a t i ons in O.D. m t h t ime. 
Mixtures 1 , 2 , 3 , 4 and 5 c o n t a i n 6.2x10""^^, 1.2x].0~^M, 
l . g x l O - \ 2.5xlO""^M and 3.7xlO'"^M K-iJ^'oCy^ in 6.2xlO~^M CrCl^ 
pH = 3,1 





0 . 1 0 8 
0 . 1 2 6 
0 . 1 3 4 
0 . 1 3 6 
0 . 1 4 
0 ;D . 
Mix. 2 







0 . 1 7 
O.D. 
Mix. 3 
0 . 1 3 4 
0 . 1 3 6 
0 . 1 4 6 
0 . 1 7 
0 . 1 8 8 
0 . 1 9 4 
0 . 1 9 8 







0 . 2 0 
• 0 . 2 1 
0 . 2 1 4 




0 . 1 7 4 
0 .182 
0 .202 
0 . 2 2 6 
0 .242 
0 . 2 4 8 


















L 'Z - (1.5) 
V a r i a t i o n s i n O.D, wi 
















M i x . l 
0 . 1 0 
0 . 1 1 8 
0 . 1 3 
0 .142 
0.152 
0 . 1 5 8 
0 . 1 6 6 
0 .172 
0 .176 
0 . 1 8 
0 .182 




t i m e . 
and 5 c o n t a i n 6 .2x10" ' 
3 .7x l0"^M 
= 4 . 5 
O.D. 
m x . 2 
0 . 1 1 
0 . 1 2 6 
0 . 1 4 
0 .15 
0 . 1 6 
0 . 1 7 
0 .178 
O . I84 
0 . 1 9 
0 . 1 9 4 
0 . 1 9 7 




0 . 1 4 
0 .15 
0 . 1 6 2 
0 . 1 7 4 
0 .182 
0 . 1 9 
0 .196 
0 .202 
0 . 2 0 8 
0 . 2 1 





0 . 1 3 4 
0 . 1 5 
0 .166 
0 .182 
0 . 1 9 4 
0 . 1 9 9 
0 .212 
0 . 2 2 
0 . 2 2 8 
0 . 2 3 4 
0 . 2 3 8 
3 




0 . 1 6 
0 . 1 7 6 
0 . 1 9 
0 .202 
0 . 2 1 6 
0 . 2 2 8 
0 . 2 3 8 
0.,246 
0 . 2 5 4 
0 . 2 6 
0 . 2 6 4 
F i g . 100 
- (156 )~ 
T A B L E ^ (16) 
Va r i a t i ons in O.D, with t ime . 
Mixtures 1, 2, 3 , 4 and 5 con ta in 6.2x10"" M, 1.2xlo" M 
1 . 8 x l O " \ , 2.5xlO*'^M and 3.7xlO"-^M K^ I^ feCy^  in 6.2xlO"^M CrCl^. 













































































F i g , 101 
Variations in pH : 
In order to see the possibility of the hydrolysii s of 
potassium molybdocyanide in presence of chromic ions, variations 
in pH of the chromic chloride and potassium moiybdocyanide mixtures 
with time were determined, -

-(157)*-
T A B L E . j 17 ) 
V a r i a t i o n s in pH with t ime . 
Mixtures 1 , 2 , 3 , 4 and. 5 were prepared by adding 2cc , 3cc, 
4cc , 5cc and 6cc of 10*" M GrCl^ to 18cc, 17cc, I 6 c c , 15cc and 
li ,cc of 10~"^ M K MoCyg, 
Time 

























































F i g . 102 
Order of the r e a c t i g n : 
The procedure adopted here is the same as followed in 
the Case of chromic f e r r o c y a n i d e r e a c t i o n ( c h a p t e r I I I ) . The 
fol lowing t h r e e s e t s of mixtures were p repa red ; 
Set I 5cc of 1 0 ' " ^ ^ MoCyg+ 5cc of IC^M GrCl^. 
Set I I 0.5CC of 10'"''"M K^MoCyg+ 5cc of lO -^'-M CrCl^. 
Set I I I 0.5CC of lO'-'-M CrCl^+ 5cc of 10"^M K j^^ MoCyg. 
The va lues of K c a l c u l a t e d f o r the above t h r e e s e t s of 
mixtures were given below : 
T A B L B ^  {IB) 
Set I Set II Set III 
K = 1/t . x/a(a-x) . K = 2,303/t loga/a-x 
94.56 xlC"^ 



































Temperature c o e f f i c i e n t of the r e a c t i o n between chromic 
c h l o r i d e and potassium molybdocyanide was found to be 1.2 and 
energy of a c t i v a t i o n to be 3,321 Kcal , per mole. 
- ( 1 5 9 ) -
Chemical a n a l y s i s of Chromjc^molybdocyanide complex , 
Prepara t ion of. . t he cpmple^ : 
Squimolecular q u a n t i t i e s of CrCl and K^  MoGyg ( 20cc 
of 10" M each ) were taken in a pyrex beaker and kept as such 
for 24 hours fo r complete r e a c t i o n . The s o l u t i o n , red in 
co lour , was t r e a t e d vd.th a l c o h o l , a red subs tance was ob ta ined . 
The superna tan t l i q u i -d was decanted and i t gave the t e s t s 
n i e t b e r for Cr"^* nor MoGy4- i ons . The red subs t ance was 
d i s so lved in minimum amount of water and again t r e a t e d wj.th 
a l c o h o l . After r e p e a t i n g t h i s p rocess t h r e e to four t imes , 
t h e sample was d r i ed over GaO, 
Four samples were prepared i n the manner desc r ibed 
above and chemical ana lyses of these samples were c a r r i e d - o u t 
s e p a r a t e l y and independen t ly . 
The foxir samples were named as 1, 2, 3 and 4 . 
The exper imenta l procedure f o r one sample in d e t a i l 
i s given below : 
-(160)-
Analysis of the complex : 
The quantitative estimation of the different 
elements in the complex presented a number of difficulties 
due to the high stability of the complex. It was found 
that the complex completely breaks down on heating with conc, 
0.1235 g. of the complex was heated with conc^ 
H^ SO in a platinum crucible for about 1 hour, cooled and 
then lixivated with hot water. 
Mo was estimated from the solution as PbMoO, 
precipitating by L$ lead acetate solution . From the 
filtrate chromixim was estimated iodometrically using 
standard sodium thiosulphate solution. 
Potassium and cyanogen contents were estimated in 
the manner already discussed in chapter I, 
MolybdentM : 
The solution obtained after heating the complex 
with cone, HoSO, was diluted with double distilled water 
<c 24. 
upto lOOcc. About lOcc of acetic aci^ was added and then 
heated to near boiling. The iS lead acetate solution was 
*(161)* 
added slowly- u n t i l no f u r t h e r p r e c i p i t a t i o n occur red . The 
p r e c i p i t a t e was allowed to s e t t l e and f i l t e r e d hot through 
a g rav ime t r i c f i l t e r paper . The p r e c i p i t a t e was washed with 
hot water xint i l f r e e from c h l o r i d e s , s u l p h a t e s and the excess 
of lead a c e t a t e . The f i l t r a t e was s t o r e d for the e s t ima t ion 
of potassium, chromiiam e t c . The p r e c i p i t a t e was d r i e d and 
i g n i t e d a t r e d - h o t f o r about ha l f an hour and weighed as 
PbMoO, . 
Weight of Pb^fcO, = 0.110$ g. 
Since 37^.15 g . of PbMoO, c o n t a i n 96,95 g. of Mo. 
Hence. O.llOS g. " " 0.1108 x 96.95 g^ ^f j . ^ ^ 
37S.15 " 




The e x t r a c t a f t e r the removal of Molybdenum was 
made upto 250cc, 
Tolume of the chromate s o l u t i o n taken f o r t i t r a t i o n 
= 25cc , 
Volume of 0.079 N thiosulphate required 
= 1.2cc 
Hence, Strength of chromate solution _ 1.2 x 0.0^9 N 
25 
-(162)-
Equivalent weight of chromium in the reaction 
_ Cr ^ i2 
- 3 3 
Total wt. of chromium in the whole e x t r a c t 
_ 1.2 X 0 . 0 7 9 X - ^ X 250 
25 3 1000 
The percen tage of chromium in the complex 
^ 250 X ^ ^ 
= l i ^ OjuOZS^ X 3 X ^QQQ 0 .1235 
= ij.aQ.„ 
Potassium : 
50cc of the extract was used for the precipitation of 
potassium« 
Weight of cobaltinitrite = 0.0143 g. 
Since 454.1 g. cobaltinitrite contain 7^ .2 g of K 
Hence, 0.0143 g " •• " ^ ^ f ^ ^ ^ ^ «'•"' " 
Total wt of K in the complex = ^ -^i^l-2L-2i*l ^ ^~ 
The percentage of K in the complex = '^'^ 4^34^ 1'^ -^*^  x -^g x Q ^ ^ ^ 
- ( 1 6 3 ) -
Cyanogen : 
(a) Amount of CN evolved as HON : 
weight of the complex used fo r fus ion = 0«1432 g. 
Total volume of MaOH made up a f t e r absorp t ion of HON 
= 25OCC. 
Volume of t h e s o l u t i o n used for t i t r a t i o n = 50cc. 
Volume of 0.05 N AgNO^ = 4cc . 
So, S t rength of NaCN s o l u t i o n = -^ ^50"'"^ ^ 
Total weight of GN in the complex = —-—-i—^ x —• 
The percentage of GN = ^-^^-^ ^ f^  ^ 0 ^ 4 3 2 
= l g . l 6 
(b) Amount of GM from t h e n i t r o g e n evolved as ammonia : 
Volume of 0 .1 N Sulphur ic ac id used fo r obsorp t ion of 
ammonia = lOOcc. 
Tota l volume of t h e ac id made up a f t e r ©bsorption of ammonia 
= 25OCC. 
Volume of the acid used for t i t r a t i o n = 50cc, 
Volume of 0.052N NaOH r e q u i r e d = 5cc . 
5 X 0 05 2 So, s t r e n g t h of ammonia s o l u t i o n = -^—CQ* N 
Total wt, of n i t rogen i n ' t h e whole e x t r a c t = *-~2- y^ ~k 
A 4- ^ • 1 *. 5 X 0 . 0 5 2 26 Amount of cyanogen equ iva l en t = CQ" """••' x 7™ 
-Pu r, *. f PINT 5 X 0 . 0 5 2 26 1 0 0 
The percen tage of CN = 50 ^ TT ^ 0 ^ 4 3 2 
= 23.60 
Therefore , the t o t a l pe rcen tage of GN i n the complex = 41.76 
-(164)-
Analyses of other samples : 
The analyses of other samples were also carried out 
in a similar way as described in the foregoing pages. The 
details regarding the calculation were not given since the 
method had already been illustrated in detail for the complex 
no. 1. The results were given, below : 
T A B L 5 - (19) 
Comples Percentage constitients 
















From the percentage composition obtained by ana lys i s , 


























" 2 ^ 
> ( 1 6 5 ) -
B L a -
Pei'-cent age 
9 .96S 
1 3 . 3 0 
23 = 00 
a . 7 6 
11 ,972 
d i f f e r e n 
ce) 
> (by d i 
1 0 . 0 1 
1 4 . 2 3 
2 4 . 1 2 
l'^ 12 
- 1 1 . 5 2 
f f e r e n c e ) 
1 (by di 
9 . 5 1 
1 3 , 6 a 
2 3 , 1 4 
4 1 . 2 3 
- 1 2 . 4 4 
f f e - e n c e ) 
'(by d i -
9 . SI 
13 .45 
22 .9g 
4 1 . 5 6 
1 2 . 2 0 
f f e r e n c e ) 
(20) 
S q u i v a l e n t 
0 .2549 
0 . 2 5 5 2 
0 .2372 
1 .6061 
0 . 6 6 5 1 
0 . 2 5 6 0 
0 . 2 7 3 1 
O.24S7 
1 .5430 
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From the a^ove, the formula fo r the chromic-molybdocyanide 
complex may be r ep re sen ted as KCrMoCy„. 3HpO. 
Sample one was s en t to 'Chemistry Department, U n i v e r s i t y of 
Melbourne, A u s t r a l i a ' fo r C, N and H a n a l y s i s , The pe r cen t ages 
worVed out by them were as follov/s : C-.— 16.15?'', H l i , 9 l ^ and 
N —— 17.20?^^ Fjpom t h e s e va lues t h e e m p i r i c a l formula of the 
Complex was ca l cu l a t ed and found to be KCrMoCy„. 3H2O. 
-(166)-
D I S C U S S I O N 
Potassium molybdocyanide, in \dew of its close 
resemblance with potassium ferrocyanide, is expected to show 
almost the same kinetic characteristics as the chromic chloride 
potassium ferrocyanide reaction^ Experimental results reveal 
that the reaction does show resemblance with the ferrocyanide 
reaction, the only poin^ t of difference being that it does not 
take place at the room temperature for completion. The strikin 
features of the reaction are : (1) pH specificity - the rate 
of the r -^ action beteg maximum at pH 4.5, it becoming slow 
below this pH and comirig to a stop above it, (2) Increase in 
pH of the reaction mixture during the course of the reaction. 
Also, the reaction is highly temperature dependent, the time 
of Completion being considerably reduced at higher temperatures 
On studying the kinetics of the reaction, it is found 
that the reaction is first order one with respect to either of 
the reactants ( vide Table IB ) and is bimolecular when the 
reactants are present in equimolecular proportion (vide Table 
IS ), From these facts it may be concluded that the reaction 
between chromic chloride and potassium molybdocyanide is that 
of the second order and as such should be dependent both upon 
the Concentrations of Cr (iii) ions as well as T^ oCyg ions» 
- ( 1 6 7 ) -
O r d i n a r i l y , the r e a c t i o n may be r^^presented as a s imple 
double decomposition r e a c t i o n : 
Gre i + K &foCyg = KCrMoCyg + 3 KCl, 
but the f a c t o r s c o n t r o l l i n g the r e a c t i o n (enumerated above ) 
i n d i c a t e t h a t i t t akes a d i f f e r e n t course and should have a 
d e f i n i t e mechanism behind i t . 
The decomposit ion of potassii-m ©ctamolybdocyanide intc 
aqua-hepta cyanide is q u i t e a slow r e a c t i o n . The development 
of red colour accompanied by an i nc rea se in pH as v^rell as an 
a p p r e c i a b l e r i s e in the r a t e of t h e r e a c t i o n , lends suppor t 
to t h e vievj poin t t h a t t h e decomposition of potassiujm 
octamolybdocyanide i s e a s i l y achieved in the p r e s Tice of Cr( i : 
i o n s . 
By analogy, the chromic ch lo r ide -po ta s s ium molybdocya-
n ide r e a c t i o n can be r e p r e s e n t e d as fol lows : 
( i ) MoCy^ "^  + HgO ^ (MoCy^. H^ O )^"' + CN" 
( i i ) GN" + H2O = O H ' + HON 
( i i i ) (MoGy^. H^ O )^"" + OH" ^ >^  (MoGy^. OH ) ^ - ^ H^O 
( iv) (MoCy^. OH)^- + Cr^"" ^ (GrMoCy^. OH)-^ 
The r e a c t i o n ( i ) i s a slow and can be made f a s t e r 
only when the decomposition product i s removed a f t e r i n t e r a c t : 
with Gr ( i i i ) i ons . Since the p o s s i b i l i t y of the d i r e c t 
Combination between Gr ( i i i ) and (MoGy„. H^O)^- j_s very remot* 
-(I6g)-
the only course open for such a combination is via equation 
(iii) where ©H" ions enter into the coordinating sphere, 
giving rise to the formation of (MoCy . OH) " ions. The 
reaction (iv) represents the formation of the complex by 
a process dependent both upon the concentrations of Gr (iii) 
and (]ybCy„. OH) *" ions in the reaction mixture« The reaction 
(ii) is supported by the fact that the pH of the reaction 
mixture increases with time ( Fig, 102 ) and the reaction 
(iii) will be favoured in the higher pH range. This is what 
has actually been observed. The reaction would have been 
more faster beyond pH 4.5, but fo:''' the fact that the upper 
limit for onset of precipitation { ±=> 4.4 ) of Cr (OH)^ is 
reached and very little Cr (iii) ions are available for 
using up the decomposition prod\.icts of potassium molybdocya-
nide. The results for the different pHs are depicted in 
Figs. 96 - 101. The temperature coefficient of the reaction 
has been found to be 1.2 and energy of activation to be 
3,321 Kcal. per mole. 
The results of chemical analysis of the complex, 
described in preceeding paragraph, also go to show the 
existence of a compound having the composition KCrMoGy„.HgO, 
-(169)-
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•gfl^ J-Pffl_QJ"^ rJJ^ ._£!iIJ!ll_.ilL.,Be_. ^ ^^) -f gr rocyanide and 
Mo, (yij,-fej'rpc.xap.id.e, 
-(170)^ 
Amongst the various electrochemical techniques which 
find favour with analytical chemist, the one dealing with the 
electrodeposition of metal ions, or discharge of anions, has 
attracted much attention in recent years. The technique 
usually goes by the name of coulometry and is a useful tool 
for metal ion estimations in semi-micro and micro quantities 
in simple solution and in mixtures, provided the reaction at 
the electrode takes place with lOOf^  efficiency. Recent deve-
lopments in the field of instrumentations combined with a 
better appriasal of the factors influencing the phenomenon 
of electrolysis have opened fresh avenues for further electro-
chemical investigations and it is nowpossible to apply coulo-
metry to problems other than those of mainly analytical bearing 
One such problem is the introduction of coulometric titrations 
and their subsequent application in determining the compositioE 
of metal complexes, 
Coulometry can be carried out both at controlled 
current and at controlled potential. The latter technique 
was originated by Hickling, who demonstrated that the 
quantity of electricity required for the reduction of cupric 
ions to the metsi state on a platinum cathode, can be success-
2 
fully employed for their estimation, Lingane, to whom we are 
mostly indebted for recent developments in the fields of 
~(171)-
polarography and coulometry, introduced the use of a mercury 
cathode in place of platinum cathode previously employed in 
order to exploit the polarographic data for determining the 
potential range most suited for this type of coulometry. 
Besides, the mercury cathode has several ad^^antages, viz., 
availability of wider cathodic potential range, lesser 
interference from hydrogen ion reduction and greater probab-
lity for 100% current efficiency. The only disadvantage, 
which was met with, was that it could not be successfully 
employed for oxidation reaction, usually beyond + 0.2 volt 
( Vs.S.C.E^), Its use also becomes limited in the presence 
of ions interacting at the metal surface forming insoluble 
salts or complexes. 
In controlled potential coulometry the current usually 
decreases exponentially with time according to i+- ~ "^o '^'^  » 
where i i^  't-he initial current, i the current at time t 
o t 
and K is equal to -•*-^^f— where D, A, J and V are diffusion 
coefficient, surface area of the electrode, thickness of the 
double layer and the volume of the liquid. The c\irrent 
approaches zero asymptotically and there is no definite 
time at which the reaction may be said to be complete. 
However, the ratio i^  / i is equal to the ratio of the 
t o 
concentration c^  remaining unreacted at time t to the initial 
-(172)» 
Concentration c . Therefore, the e l ec t ro ly s i s may be 
o 
discontinued vjhen the r a t i o i . / i_ decreases to a value 
(usually Ifo of the o r ig ina l ) corresponding to the degree 
of completeness desired. Along with t h i s , the duration of 
coulometric analysis was determined by the var ia t ion of 
3 
current during e l ec t ro lys i s and Lingane gave the equation 
i = nFDA c /J vjhere i is the l imi t ing current , c the t t t t 
bulk concentration of the colut ion, ef thickness of the double 
layer and n, F, A and D have the i r usual s igni f icance . 
The Controlled po ten t i a l coulometry has many uses . 
Amongst these mention may be made : ( i) estimation of metal 
4-9 10,11 , , 
ions, non-metals l ike halogens, ( i i ) determination 
12 
of n for the polarographic waves of many organic compounds, 
( i i i ) in es tab l i sh ing the reduction s t a t e s corresponding 
to the polarographic waves of many metal ions, e .g . , + 4 
13 12L 
selenium and + 4 te l lur ium, + 6 and + 5 tungsten, + 6 
. ^. 15,16 ^ , 17 
and + 5 molybdenum and perrhenate . 
Just as i t is possible to carry out coulometric 
analys is a t control led po t en t i a l , in a s imi la r manner, 
methods have been devised to do i t a t cont ro l led cur ren t . 
The instrumental technique employed ismuch simpler and the 
r e s u l t s mora r e l i a b l e here , but i t i s r a t he r d i f f i cu l t to 
attain lOO?^  efficiency for either oxidation or reduction in 
a number of cases. An indirect use has, however, been made 
in the form of coulometric titrations, v/here one of the reacting 
species is so chosen that it oxidises or reduces with 100^ 
efficiency. The first titration with internal generation of 
the titrant was devised by Szebelledy and Somogyi, who estimated 
IS 19 20 
thiocyantte, hyorazine , hydroxylamine , etc. using bromine 
21 produced by the anodic oxidation of KBr, They used silver 
coulometer to determine the quantity of electricity consumed 
in the titration, but the method was tedious and several modi-
fications were made from time to time to simplify the procedun 
22 
Swift and coworkers instead of using a chemical coulometer 
used a technique of passing a constant current between the 
electrodes and the time necessary to reach the end point. 
Informations about the latter fact was obtained by amperometry 
on applying a definite potential to another set of electrodes 
and measuring the current due to the excess of the titrating 
reagent generated after passing off the end point. The 
current due to the excess of the titrating reagent goes by 
the name of indicator current and v>'Hen plotted against time 
give, on extraplotation, the current for zero time of genera-
tion, i.e. the amount actually needed for the stoichiometric 
interaction between the titrated and the titrant^ 
•(174)-
The last decade has witnessed great activities 
in the field of coulometric titrations and there is a littl< 
dearth of data on them in the chemical literature. No doub1 
most of the work has its own significance and importance, ti 
23-33 34-39 
contribution of ®wift and coworkers , Furman , and 
Lingane and coworkers , need special mention. Swift ndi 
only devised a- more workable coulometer but also estimated 
As (iii), Sb (iii), thiodiglycol, iodide and thallium. 
Furman and coworkers successively estimated Ce (iv) by 
titrating it with the fer-r-ous ions generated by the reduction 
of ferric ions at a smooth platinum electrode, 
50 
Recently Lingane and Hartley have carried out 
the coulometric titration of g zinc ion with ferrocyanide 
ion generated by the reduction of ferricyanide ion at a 
platinum cathode. The end point was detected potentiome-
trically with a platinum indicator electrode. The authors 
have concluded that the Jiiature and composition of the comp-
lex depends upon the pH of the medium. Over the pH range 
from about 1 to 3, it corresponds exactly K„ Zn^ ^^^^^5^0' 
but at higher pH values the precipitate contains a smaller 
51 
portion of ferrocyanide to zinc. The authors have also 
conducted the coulometric titration of thallous ion to thallic 
oxide in strongly alkaline medium by means of ferricyanide 
- ( 1 7 5 ) -
ion generated b '^' anodic oxidation of ferrocyanide ion a t 
a platinum anode. The equiwailence point was detected 
potent iometr ical ly or conductometEically, 
The present chapter deals v/ith the s tudies on the 
composition of beryllium and molybdenum ferrocyanide by the 
coulometric technique. 
a X p a R I M E N T,A L 
Preparation of solutions : 
Beryllium nitrate and potassium ferricyanide solution 
were prepared in the manner described previously and these 
were kept in dark coloured bottles. The solutions of desired 
strength were obtained by diluting the calculated amount from 
the stock solution to a known volume by double distilled wate 
Sodium mitrate solution was prepared by dissolving 
A.R. grade sample in double distilled water. 
Molybdic acid solution was prepared by dissolving 
A,R, sample in cone. HCl ( free from iron ) and then making 
the solution in a measuring flask with double distilled water 
The strength of the solution was determined gravimetrically 
-(176)-
52 
by precipitating Mo (vi) as lead molybdate 
53 Vtalpole-^ '^  buffers of pHs 1,09, 2.32, 4=39 and 5 = 20 
were prepared from all A.R, grade reagents . HGl solution 
of known strength was obtained by the usual method. 
Instrumentation ; 
The t i t r a t i o n c e l l of capaci ty a^out 100 ml, v/as 
2 
used. The cathode was a bright platinum f o i l (0,8x0.3 cm ) 
2 
and the anode ( 0^ 3 x 0,3 cm ) consisted of a platinum foil 
isolated from the test solution by putting it in an inner 
tube whose bottom was sealed by a sintered glass disc. The 
anolyte in this tube was approximately 1 M Sodium nitrate 
and the level was kept above that of the test solution in the 
body of the cell. The indicator electrode v^s an ordinary 
platinum electrode. Efficient stirring was provided by a 
m.agnetic stirrer to increase the efficiency of the cathode 
reaction. 
The titration were performed with the help of 
'Coulometer Type S 211 Metrohm AG Herisau' with an automatic 
arrangement to measure the electrolysis time. The progress 
of the titration process was followed by observing the poten-
tial of a platinum indicator electrodeagainst a reference 
-(177)^ 
electrode (s.c.e. ) by the help of Pye Vernier Potentiometer 
(cat. No, 756S ) with lamp and se©ale arrangement. 
The pH measurements during the course of the expe-
riments were performed with the help of Beckraann pH m.eter 
!«fodel G. The pH of the test solution in the coulometric cell 
was maintained to a desired value by the addition of the 
acetate buffers. 
The titrations were performed at the room temperature 
and at two magnitudes of the current i.e. 20 mA and 10 mA, 
The room temperature throughout these investigations 
was 23 • 
- (178)^ 
Be ( i i ) "• potanium ferroCYanide r e a c t i o n 
T A B L E .m 
Volume of 0,5 M K-FeCy^ solution taken in the titration 
cell = 50GC 











= 20 mA 







































= 10 mA 

















- ( 1 7 9 ) -
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P o t e n t i a l 









































Fig , 104 
- ( I S O ) -
T A B L E - {Jl 
Volume of 0,5 M K^FeGy. added in the c e l l 
3 6 
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P o t e n t i a l 










































Current = 10 mA 






























- ( i g l ) ^ 
T A B L E - (4) 
Volume of 
Volume of 
C u r r e n t = 
Time 














0 .5 M K^FeCy^ t a k e n i n 
0 . 1 M Be (N0-.)o S^dded 
-. 20 mA. 
P o t e n t i a l 
0 .44552 V o l t . 
0 . 4 4 5 5 0 " 
0 .44539 " 
0 .44528 " 
0 .44518 " 
0 .44510 " 
0 ,44491 " 
0 .41720 " 
0 .41712 " 
0 .41700 " 
O.4I695 " 
O .4 I689 " 
0 .41676 " 
O.4I666 " 
t h e c e l l = 50c c . 
= I c e . 













































P o t e n t i a l 
0 .44546 V o l t . 
0 . 4 4 5 4 1 
0 .44531 
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Fig . 106 
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- (152) . 
T A B L E iii 
Volume of 0.5 M K^FeCy, taken in t h e c e l l = 50ec. 
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P o t e n t i 
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Fig . 108 
-(1^3)^ 
affect of pH : 
To see the influence of pH on the composition of 
the complex, the follov^ fing solutions were used for the 
different pH ranges : 
Concentration of K^FeCy^ solution = 0.5 M 
Volume of K-FeCy, taken in the cell = 50cc. 
Concentration of Be {N0-^ )„ solution = 0,01 M 
Volume of Be (NO-,)^  solution added for each titration 
= lOcc. 















P o t e n t ! 
T A B L S - (7) 











































P o t e n t i a l 
pH = 
TiiTie 
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P o t e n t i a l 















T A B L E ~ {&) 
PH = 4.3 
Time P o t e n t i a l 
pH = 5.4 
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Mo ( v i ) - f e r rocyan ide ; 
The fo l lowing s o l u t i o n vviere uaed throughout the t i t r a t i o n 
of Mo{vi) with potassium f e r r o c y a n i d e ions genera ted a t the 
The concen t ra t ion of Ko^eCy. s o l u t i o n 
cathode by the r educ t i on of potass ium f e r r i c y a n i d e s o l u t i o n . 
= 0 . 1 M 
The concen t r a t ion of H2M0O s o l u t i o n = 0 .001 M 
The volume of K^FeCy, s o l u t i o n taken in 
t h e coulometr ic c e l l for each t i t r a t i o n = 50cc . 
4. ^ "• 
c*" 
A 
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T A B L E > (9) 
Volume of 0,001 M Hg^oC added = 10 cc 
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0 ,40201 
F 
T A B L 











i g . 110 
S - (10) 
! of 0 . 0 0 1 M H MoO, added = 
2 4 













P o t e n t i a l 
i c . 0 .43521 
0 . 4 3 5 1 1 
0 .43508 





0 . 4 0 0 1 1 
0 .40010 
0 . 4 0 0 1 0 












C u r r e n t = 10mA. 
P o t e n t i a l 























S e c , 
' 0 . 4 3 4 1 1 " 
' 0 .43400 " 
' • 0 .43362 " 
' 0 .39972 " 
' 0 .399962 " 
' 0 .39958 " 
' 0 .39956 " 
' 0 . 39954 " 
' 0 .39952 " 
Cur ren t - = lO mA. 
P o t e n t i a l 
0 . 4 3 5 2 1 V o l t . 
0 .43517 " 
0 . 43514 " 
0 .43152 " 
O.S3150 " 
0 . 4 3 1 2 8 " 
0 . 4 3 1 1 8 " 
0 .43110 " 
0 .39292 " 
0 .39282 " 
0 .39281 " 
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•'r-ff^—^^t..., 
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^ ^ • - * ^ - , * < f - — j ' 
. (156)-
T A B L 3 ~ (11) 














= 20 mA. 









































Current «= 10 mA, 
P o t e n t i a l 





















Sffect of pH ; 
To see the influence of pH on the composition of 
the complex, the following solut ions were used for the 
different pH ranges : 
Concentration of K^FeOy^ = 0.1 M 
Volume of K^FeCy. taken in the cell = 50cc 
3 D 
Concentration of H MoO, 
2 4 
= 0.001 M 
Volume of H MoO. added for each t i t r a t i o n - 25cc, 
( IS? )~ 
T A B L E ^ ( 1 2 ) 






























































3.9 pH = 



































P o t e n t i a l 












The composition of the complexes formed between beryllitiia 
and potassium ferrocyanide, and Ih (vi) and potassium ferrocyanide 
may be obtained from the fact tha t the generation of ferrocyanide 
ion at the cathode follows Faraday's law of e l ec t ro lys i s and by 
applying W = 1 "'^  ' , where w^  i s the atomic or molecular 
96500 X n 
weight of the e lectrolysed species , Q is the quantity of e l e c t r i c i t y 
( shich is equal to the product of time in second and current in 
ampere ) , the amount ferrocyanide ions ava i lab le for Be ( i i ) or 
Mo (vi) to form the beryllium ferrocyanide and molybdenxjim ferrocya-
The results regarding the composition of the 
Complexes may be summarised in the following tables : 
Be (ii) - ferrocyanide : 
T A B L E - ( 1 1 1 
4-
y^ imount of B e ( i i ) Amount of FeCy^ n -^• n •*.' 
•'b Ra t io Composition 
eidded ions genera ted Be^l^FeC A" 
a t the equiva- ' ^6 
lence point« 
9.354 mg, 12,260 mg. 
9.354 mg 12.260 mg 
IS,70S mg 24.51 mg 
ia.70S mg 21.01 mg 
2S.062 mg 36,76 mg 
28.062 mg 35.^9 mg 
18.708 mg 24.51 mg 
56,124 mg 73.53 mg 
18.708 mg 21.01 mg 
56.124 mg 70.03 mg 
74.S32 mg 105.10 mg 





































- ( 1^ 9 ) -
Amount of pH 
Be( i i ) added 
lg .708 mg l U 
IS.70S mg 2.2 
18.708 mg 3,8 
18.708 mg 4 .3 
18,708 mg 5.4 
18.708 mg 6.8 
T A B L E -
Amount of FeQf^" 
ions genera ted 
a? the e q u i v a l e -







Mo ( v i ) - f e r r 0 c y a n i d e : 
T A B L E . 
- ( I^ 
( 14 ) 
Rat io 
Be^/^FeCy^-
2 : 1 
2 : 1 












Amount of Mo(vi) Amount of FeCy^^ ions Ratio Composition 
























~( 190 )^ 
T A B L B ^ ( 16 ), 


























~( 191 ) -
D I S G U S S I 0_J 
The coulometric t i t r a t i o n of Be(ii) with ferrocyanide 
ions, generated by the reduction of potassium ferr icyanide 
solut ion at the platinxim cathode, besides giving valuable 
information about the composition of the complex, reveal the 
following in te res t ing fac ts concerning the performance of the 
t i t r a t i o n for t h i s pa r t i cu la r reac t ion: 
(1) The inf lec t ion point becomes sharper when the concentrated 
solut ions of Be(ii) are taken (Fig. 106)» 
(2) The r e a l i s a t i o n of the sharp inf lec t ion is not only 
dependent upon the concentration of the metal ions but 
also on the magnitude of the current . I t was, thus, found 
that the inf lec t ion point becomes sharper with the increase 
in the time of e l e c t r o l y s i s , 
(3) The effect of pH on the nature of the t i t r a t i o n curve 
ra ther i n t e r e s t i ng . 
The inf lec t ion points obtained in pH between 1 to 4, 
Correspond to the ' formation of the white product 
Bep '^^ Cy^i, slowly assiiming a blue colour, white above th i s 
pH ( i . e . 4 .3 , 5«4 and 6,S ) the compound K2BeFeGy^ is 
formed. I t may here be ar^.ued tha t the white product is 
not s tab le in the pH range studied and the blue one 
(KgBeFeCy^) is the s table va r i e ty . The upper pH l imi t 
( i , e . 4*3) for the formation of K^BeFeCy^ corresponds to 
a pH at which H (FeCy^)-^"" and H^CFeCy^)'^' r a ther than 
free ferrocyanide ion are predominant ferrocyanogen species , 
^( 192 y«. 
The third and fourth dissociation constants of hjdroferroCyanic -^  
-3 -5 
acid are 10 and 5.6 x 10 , so that at pH = 3 the ratio of 
mono'= and dihydrogen ferrocyanides is close to Itl ratiol As 
for the free ferrocyanide ions, they appear to exert e very 
little influence on the reaction. The decreased potential break 
at pHs 4.3, 5«,4 and 6.S. may result from the increasing solubilitj; 
of KpBeFeCy. due to the formation of mono-and dihydrogen 
ferrocyanide ions. 
Mo (vi) -ferrocyanide rea. c t ip n: 
The conlometric behaviour of Mo(vi) with ferrocyanide 
ion is somewhat different from the titration discussed above. A 
brown product (probably Mo(vi)-ferrocyanide) is obtained when 
a solution of molybdic acid is added to the concentrated solution 
(0.5 M) of potassium ferricyanide. It may be due to the impurities 
of potassium ferrocyanide ( potassium ferrocyanide or other 
decomposition products ) which cannot be completely removed. 
However, on using triple crj^ stallised sample of potassium 
ferricyanide and employing dilute solution this effect could be 
minimised to a great extent. It was, further, found that the 
time taken to arrive at the equivalence point.is higher than in 
the case of beryllium ferrocyanide. 
The results of conlometric analysis do not give precise 
information regarding the composition of the complex. Surprisingly 
enough the Combining ratio does not change with the change in pH 
of the media. It is quite likely that the colloidal nature ofthe 
precipitate and the strong tendency of molybdenum ferrocyanide 
particle to coagulate (Malik and Kaphley, loc.cit.) interfere in 
the satisfactory performance of the titrations, -
- ( ' 1 9 3 ) -
As regards t h e composit ion of the complex, i t can be 
r e p r e s e n t e d as Mo OFeCy^. Malik ( l o c . c i t . ) has r e p r e s e n t e d the 
Composition of molybdenuin f e r rocyan ide as (MoOg)^'^®^^'^©^ t h e 
bas i s of, spsctrophotoraetry and chemical a n a l y s i s . Although 
Confirmation of the e x i s t e n c e of such a complex found on the 
ba s i s of coulometry i s not i; for thcoming, i t i s r a t h e r i n t e r e s t -
ing t o no te t h a t a 1:1 complex i n s t e a d of 2 : 1 complex i s a l s o 
p o s s i b l e in the case of Jfo(vi)- f e r r o c y a n i d e , for x-^ich t h e 
fo l lowing s t o i c h i o m e t r i c r e l a t i o n holds good: 
HgMoO + H FeGy^ = (l%0)FeGy^ + 3H2O. 
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R B^  S U M S * 
• The e a r l i e s t invest igat ions on metal l ic fe r ro and 
ferr icyanides may be traced back from the time when chemist 
t r i e d to know the r ea l nature of the products formed by the 
in te rac t ion of icon s a l t s with a l k a l i ferrocyanide. In the 
l i t e r a t u r e a large number of Iron blues of varying composition, 
both Soluble and insoluble are reported. A number of physico-
chemical methods s t a r t i n g from the conventional ones of 
chemical analysis to those based on purely physical techniques, 
were used to determine t he i r composition and s t ruc tu r e and 
these had yielded r e s u l t s of f a r reaching importance. For 
example, in most cases existence of super complex had been 
reported and the i r co l lo ida l character worked out . Studies 
on Iron blues were followed by researches on other heavy metal 
(Gu, Ag, UOp^  Cd, Co, Zn e tc , ) f e r ro - and ferr£>cyanides and 
although the work on the i r composition and s t r u c t u r e could 
not be brought to such a degree of perfection in the case of 
Iron blues, some other aspects , v i z , , use of metal ferrocyanogen 
react ion for the estimation of metal ions , the u t i l i t y of 
fer ro- fer r icyanide couple in a n a l y t i c a l work, adsorptive and 
hydrolytic proper t ies of the freshly p rec ip i t a ted complex, 
~(197). 
gel forming tendency of these compounds e t c , , have been 
fully s tudied, and a l l these h8\re contributed great ly to our 
knowledge of the chemistry of metal ferrocyanogen complexes. 
Undoubtedly much- has been done and s a id during the l a s t 
s ixty years on heavy metal ferro cyanides and apparently nothing 
useful i s expected to come out by pursuing fur ther inves t iga-
t ions on them. A closer approach, hov/ever, leads to cer ta in 
revela t ions which remained obscure t i l l now and need both 
systematic and"'extensive inves t iga t ions . These a re : ( i ) the 
possible in te rac t ion of C r ( i i and i i i ) with a l k a l i fer ro Re and 
fer r icyanides , ( i i ) the ferrocyanogen complexes of B e ( i i ) j 
Mn( i i i ) ; Co ( i i i ) , I^fodii and v i ) , ( i i i ) the r o l e of redox 
po ten t i a l in the formation of ferrocyanogen complexes and 
(iv) applicat ion of modern electrometr ic techniques l i k e 
amperometry and couloraetry in e lucidat ing the composition of 
these l e s s familiar complexes, (v) exis tence of so lub le 
complexes and e lucidat ion of the i r s t ruc tu re by spec t ro -
photometry, (vi) the resemblance between the reac t ions of 
a l k a l i ferrocyanides and metal ions with those of the corresp-
onding potassium molybdo and tungstocyanides. Invest igat ions 
-(19^)-
on almost all the aspects of problems enumerated above 
were started in these laboratories a few years back giving 
altogether a new turn to the chemistry of metal ferrocyanogen 
and molybdocyanogen complexes (Malik and Coworkers., J.Sc, 
Ind.Res, (India)., 1^, 463, 1959; 20 a 213. 537,1961; J. Ind. 
Ghem. Soc., ^ _, 303, 293, 297, 1961; Z.anorg. allg.Chem., 
301. 343, 350, 1959; J. Ind. Ghem.Soc., ^ g, 303, 1961; 22., 
356, 1962; Natur., 20, 579, 1959; J. Inorg, Nuclear, Ghem., 
20, 155, 1961; Bull. Ghem.Soc. Japan., ^ , 1306, 1310, I96I; 
Talanta, 8, 737, I96IJ. 
The work described in the thesis is an extension of 
the work already done in our laboratory .and is reviev^ ed as 
follows: 
1. Results on the chemical analysis of chromic 
fe r ro - and ferr icyanides and Be( i i ) - fer rocyanide: 
(a) Ghromic-ferrocyanide; 
On mixing chromic chlor ide and potassium ferrpcyanide 
(cone. 0.1 M each) in the r a t i o Gr^'^/^®^y6^" as 1:1, a soluble 
complex, reddish-brown in colour, was obtained. The complex 
was i so la ted from i t s s t a t e of solut ion by c r y s t a l l i s i n g i t 
-(199)-
with the help of ethyl alcohol and the complex, thus 
obtained, was dried and subjected to chemical analysis, 
TTX II 
The formula of the complex came out to be K Gr IFe (CN)j.. 
H2OI.XH2O, where x may vary between 1 to 2 (p 34 Table 3.) 
(A sample was sent to Chemistry Department, University 
of Melbourne, Australia, for C, N and H analysis and the 
formula on the basis of the percentages worked out by 
them came out to be K Cr^'^-'^iFe^'^{Oil)^^H^O) .2.}l^0 
(p. 35 Table U). 
(b) Qhromic-f errIcyanide; 
The reaction : between chromic chloride and potassium 
ferricyanide was slow enough at room temperature, but it 
became appreciably faster at higher temperatures. Chromic 
chloride and potassium ferricyanide m.ixtures were prepared 
in different proportions and then heated at 60°G for about 
two hours. The complex was crystallised by ethyl alcohol, 
dried and then subjected to chemical analysis. The results 
of the investigations (p, 40 Table 6) are tabulated below: 
Gone, of 
reactants Gr 
-Ratio o Mature of Composition 0^™^ 
3-^ /FeCy^ 3- the Complex pf the Complex ^^ "^^ -^ ^^  
0.1 M each 1:1 Sparingly soluble Cr^ -^ -^ (Pe-^ -°(CN) ^-^  
in water H^O) '5 
0 .1 M each 1:2 Spar ingly s o l u b l e Gr-^^-'-(Pe™-(QN)cl ^'^^.^ 
i n water H^O^K^PpfGMU ''J"PV" 
0.1 M each 2 :1 Spar ingly s o l u b l e Or^^'^We^'-^iQn)^. 
i n water H2O ^ 
,  clMFe ^AUlT"^ 
~(200)~ 
( The 1-1 complex was s e n t to Ghemistry Department, 
Un ive r s i t y of Melbourne, A u s t r a l i a , and t h e composit ion 
on the bas i s of t h e i r da ta came out to be 
(c) Bery l l ium-fe r rocyan ide ; 
Beryll ium n i t r a t e and potassium f e r r o c y a n i d e (0 ,5 M 
and 0 .1 M each) mixtures were prepared i n t h r e e d i f f e r e n t 
p r o p o r t i o n s , v i z . , Be */FeCy^^"" as 1 : 1 , 2 s l and 1:2 
r e s p e c t i v e l y . The mixtures p repa red w i t h t h e concentra tec 
So lu t ion (0 ,5 M each) gave a white p roduc t , s lowly changir 
to b l u e , on t h e o ther hand with d i l u t e s o l u t i o n s t h e 
r e a c t i o n was slow and took some time fo r complet ion. 
Here again a blue coloured product s o l u b l e i n aqueous 
medium, was ob t a ined . 
The r e s u l t s of the i n v e s t i g a t i o n s (p . 47 Table B) 
are t a b u l a t e d below:-
GoncTof"" " R a t i o NaturT'of '""noraposition or"tTie ~~~~ 
the r e a c t s Be /FeCy^" the Complex Remark 
a n t s . o 'Complex., , ,^__, 
Oo5 M each 1:1 Soluble in water K2Be2(Fe(CN) H20).H20 
0.5 M each 1:2 Soluble i n water K.2Be2(Fe(CM)c,H20) .2H2O 
0.5 M each 2 : 1 Soluble in water KoBe<.(Fe(CN)c.HoO)?, Adsorp^ 
0 . 1 M each 1:1 Soluble i n water K2Be3(Pe(CN)^.H20)2 
0 .1 M each 1:2 So lub le i n water K2Be^(Fe(CN)^.H26)2 
0 . 1 M each 2 :1 Soluble i n water K2Be2(Fe(CW)^.H2O).HgO 
- (201)~ 
( The 1-1 Complex ob ta ined by mixing t h e r e a c t a n t s 
(0.5 M each) was s e n t t o the Chemistry Department, 
U n i v e r s i t y of Melbourne, A u s t r a l i a , and t h e composit ion 
of t h e complex on t h e i r da ta came out to be K^Be^CFeCGN)_ 
2 . Spect rophotometr ic s t u d i e s pn the f e r r o -
cyanogen complexes, of B^Tii)T" 
The composit ion of the complexes formed by t h e ' 
i n t e r a c t i o n of B e ( i i ) with potass ium f e r r o - and f e r r i -
cyanides was i n v e s t i g a t e d by spec t ropho tome t r i c methods. 
On applying Vosburgh and Cooper 's method for t h e t h r e e 
s e t s of mixtures obta ined on mixing BeCNO^)- and K.FeCy^ 
{0»1 M, 0.02Mj and O.OIM each) , only one minima appeared 
a t 500 mupointing towards the format ion of only one 
complex (p . 58 and 59, F ig . 2 ,3 and A). J o b ' s method of 
cont inued v a r i a t i o n s gave the r a t i o , Be * t o FeGy.^~ as 
3:2 for concen t r a t ed s o l u t i o n of t h e r e a c t a n t s (O.IM) 
(p . 62 and 6 3 , F i g . S), whi le a 1:1 complex was ob ta ined 
with d i l u t e s o l u t i o n s (Oe02M and O.OIM) (p . 63 and 6k 
F i g s . 9 and 1 0 ) . From t h e s e obse rva t ions i t was concluded 
t h a t two complexes of t h e composi t ions K^Be^lFelCN)^)2 
and K2Be Fe(CN)^, a re l i k e l y t o be formed by the i n t e r -
a c t i o n of be ry l l i um ions with potass ium f e r r o c y a n i d e . 
• - _ ( 2 0 2 ) -
The r e a c t i o n between be ry l l i um n i t r a t e and potass ium 
f e r r i c y a n i d e , a l though q u i t e slow a t t h e room t empera tu re , 
gave evidence fo r complex ion formation when the r e a c t i o n was 
allowed t o proceed for t h r e e hours between 50° t o 60°G, On 
applying Vosburgh and Cooper ' s method for t h e mixtures ob t a ined 
by mixing the r e a c t a n t s (O.lM, O.OIM and 0.02M)9ach), we l l 
defined minima appeared a t 525 mu p o i n t i n g towards t h e forma-
t i o n of only one complex (p . 59 and 60 F i g s . 5,6 and 7 ) . 
Job ' s method of continued variant ions gave d i f f e r e n t complexes 
a t d i f f e r e n t c o n c e n t r a t i o n s of t h e r e a c t a n t s . Thus wi th 
2+ 3 -
0»1 M s o l u t i o n the r a t i o Be t o FeCy^ came ou t to be 
2:3 ( p . 66 F i g . 11) while with 0.02M and O.OlM, the combining 
r a t i o was 1:1 (p 6S and 69, F i g § . 12 and I 3 ) , The composi t ions 
of be ry l l ium f e r r i c y a n i d e complexes on t h e bases of s p e c t r o -
photometry were YirBe2iFe{0}i)^)^ and K Be Pe(GN)^. 
3 . K ine t i c s of decomposition of fer rocyanogen 
complexes by C R i i i ) and"lBe~TiiTV 
(s) Ohromic c h l o r i d e - potass ium f e r rocyan ide r e a c t i o n ; 
The r e s u l t s obta ined by spec t ropho tome t r i c s t u d i e s 
can be summarised as f o l l ows : ( i ) p H - S p e c i f i c i t y - t h e 
r a t e of the r e a c t i o n was maximum a t pH 4 . 5 . I t became 
q u i t e slow below t h i s pH while t h e r e a c t i o n came almost 
t o a s top above t h i s pH (p . 9^ t o 101 F i g s . 51 t o 54 ) ; 
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(ii) The pH of the reaction mixture was found to 
increase during the course of the reaction (p. 110 Fig.71); 
(iii) An increase in the rate of the reaction was observed 
on carrying out the reaction in presence of K-FeGy^.H^O 
(p, 94 to 96 Figs. 45 to 47); (iv) The reaction was found 
to be highly temperature dependent, the time of completion 
being considerably reduced at higher temperatures (p.7S to 
94 Figs. 15 to 44); (v) The reaction between chromic chlo-
ride and potassium ferrocyanide vras found to be a second 
order one (p. Ill to 113, Tables 59 to 61). 
On the basis of the abovementioned facts, the 
following mechanism was proposed: 
(i) FeCy^^" + H2O ^-—• -^  (FeGy^.HgO)^" + GN~ 
(ii) GK" + HgO = OH" + HON 
(iii) (FeCy^.HgO) + Q H " •-—- (FeGy^.OH)^" + H2O 
(iv) (FeGy^^OH)^"^+ Gr^* - ~ (Gr(FeGy^.OH))" 
The above m.echanism found support on the results 
of chemical analysis of chromic ferrocyanide complex des-
cribed earlier. 
The values of equilibrium constants K in presence 
of K FeGy-.HgO were higher than those obtained without it 
(p. 117. Table 65). 
- ( 2 0 4 ) -
The temperature coeff ic ient for the react ion was found 
to be 1,3 and energy of ac t iva t ion to be 14.75 K Gal, per 
mole. 
(b) Chromic Ghloride-PotassiuTn ferric yanide reac t ion ; 
The react ion between chromic chloride and potassium 
ferr icyanide did not proceed a t the room temperature, but 
became fas te r at higher temperatures. The r e s u l t s of 
spectrophotometric s tudies led to the following condlusions: 
( i) An increase in pH of the react ion mixture was observed 
but af ter a cer ta in l imi t began to decrease (p. 110 
Fig. 72). 
( i i ) The influence of the pH of the medium as well as tha t of 
the temperature was, however, the same as in diromic 
chloride-potassium ferrocyanide r eac t ion , 
( i i i ) An attempt to determine the order of the reac t ion 
between chromic chlor ide and potassium f e r r i cyanide was 
met with l i t t l e success s ince the values of K showed 
a highly i r r egu la r order (p, 114 Table 62), 
The following mechanism has been proposed for the 
react ion between chromic chloride and potassium fer r icyanide : 
- ( 2 0 5 ) -
( i ) FeCy^^" + H2O - — -^ (FeOy^.H^O)^"- + GN*" 
( i i ) GN"* + HgO = OH" + HON 
( i i i ) (FeCy H^O)^" + OH"- -i> (FeGy..OK)^-+ HgO 
( iv) (FeGy^.OH)^" + Gr-'^ '^  •• Gr(FeCy^,OH) . 
The above mechanism a l s o found suppor t on the r e s u l t 
of chemical a n a l y s i s of ch romic - f e r r i cyan ide complex 
(Chapter I , p , 4 0 ) . 
(c) Beryl l ium n i t r a t e - p o t a s s i u m fe r rocyan ide r e a c t i o n ; 
The r e a c t i o n between B e ( i i ) and potass ium f e r r o c y a n i d e 
al though a slow one, took p lace with measurable v e l o c i t y 
only i n the h ighly a c i d i c medium (pH 1.0) ( pe103,104 
F i g s . 59 t o 6 2 ) . With i n c r e a s e in pH i t slowed down 
s topp ing a l t o g e t h e r in the v i c i n i t y of pH 4.0 (p . 106 F i g s . ( 
65 and 6 6 ) . 
The be ry l l ium complex was found t o be l e s s s t a b l e 
than t h e chromic f e r rocyan ide complex. I t showed l e s s e r 
tendency "to remain in s o l u t i o n and on keeping t h e mixture 
overn igh t a t u r b i d i t y s e t i n , t h e b lue p r e c i p i t a t e d f i n a l l y 
s e p a r a t e d . 
As regards the mechanism of the reaction, it appeared 
to us that the reaction between beryllium nitrate and 
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potassium ferrocyanide comprises of two parts, each equally-
important in its own way: (i) formation of Prussian blue 
from potassium ferrocyanide in presence of traces of 
beryllium ions, (ii) interaction of beryllium ions with 
potassium ferrocyanide to give beryllium ferrocyanide, 
(i) Formation of Prussian Blue; 
The reaction appeared to get catalysed in presence 
of minute amounts of beryllium ions, and the following 
mechanism has been visualised: 
(i) FeCy^^" + H2O -- ^ (FeGy HgO)^"* GN" 
(ii) CN" + H^O = ' OH*" + HGN 
(iii)(FeGy^.H20)H 0H~ - (Fe(OH) .Gy^)^~ + HgO 
(iv)(Fe(OH).Cy^)^- ; : = = ± {FeiOH)"" + 5 CN"" 
(v) Be^ "" + 2 G W .-^ - ^ ^ Be(CN)2 
(vi) Fe(OH)"' + H* • ; - - — ^ Fe^ -*" + HgO 
(vii) 2Fe^ '^  + 0 + 2H* — — > 2Fe5'^  + E^Q 
(viii) Fe3-*-+ K"" + FeCy^^- -—l---—-^ K.(Fe(FeGy^)) 
Or 
Fe3++ ^ \ (Fe(QH).Gv^)^"-~——^ K(Fe(FeOH) .Gy^) 
(ix) Be(GN)2+ 2H'^  •—- x §e^ "^  + 2 HGN 
The Iron blue formed could either be represented as 
super complex of the type (FeCFeCyr)"" or (Fe(FeOH)Gyc) *"» 
- ( 2 0 7 ) -
( i i ) Formation of b e r y l l i u m f e r rocyan ide : 
The r e a c t i o n was qu i t e s low with d i l u t e s o l u t i o n s 
of the r e a c t a n t s and s i n c e a b l u e colour developed slowly 
on keeping the r e a c t i o n could be fol lowed s p e c t r o p h o t o m e t r i -
c a l l y . The s a l i e n t f e a t u r e s of t h i s r e a c t i o n a re summarised 
belov^: 
( i ) Fac ts l i k e t h e i nc rea se i n the pH of the r e a c t i o n 
mixture wi th t ime, i n c r e a s e in t h e r a t e of t h e r e a c t i o r 
in presence of potassium aqua-pentacyanide e t c . which 
were found to be t r u e in the case of chromic c h l o r i d e 
potassium f e r r o c y a n i d e r e a c t i o n , were a l so t r u e for 
t h i s r e a c t i o n , 
( i i ) The r e a c t i o n was a f i r s t order one with r e s p e c t to 
e i t h e r of the r e a c t a n t s (p . 115 Table 63) and was 
bimolecular when the r e a c t a n t s were p resen t i n 
equimolecular p ropor t ions i n the r e a c t i o n mixture 
(p . 115 Table 6 3 ) . 
The fo l lowing mechanism was p roposed : -
( i ) ,FeGy^^- + HgO •; ^ (FeCy^.HgO) "^•+ CN~ 
( i i ) GN~ + HpO ^- ., A OH- + HCN 
A-( i i i ) {FBQy^.n^O)^-^ OH- —^ (FeCy^.OH)^- ^ U^O 
( iv ) 2(FeGy^.0H)^-+ SBe^"" — vfBe.^ (FeGy^.OH)^)^--
Or 
(FeCy^.OH)^-+ Be^* ^ y/P^ (FeCy^^OH) ) 2 -
The r e s u l t s on the ehcmical analysis of beryllium 
ferrocyanide (Chapter I j p . 47) was again found supporting 
the above mechanism. 
The temperature coeff icient for the reac t ion was found 
to be 1.8 and energy of ac t iva t ion to be 11.53 K Gal. per mole. 
Kinetic s tudies car r ied out in presence of K-FeCy-.HpO 
also supported the fac t tha t the react ion was a second order 
one. The values of K were higher than those obtained without 
the presence of KoFeCy^.H^O (p. 114,11? compare Tables 62 & 66) 
(d) Beryllium ni t ra te-potass ium fer r icyanide reac t ion; 
The reac t ion between beryllium n i t r a t e and potassium 
ferr icyanide did not proceed at t h e room temperature and also 
shovjed an i r r egu la r var ia t ions in pH with time. The colour 
cha^ ges were observed only at higher temperatures and these 
too were ]efes marked than in the beryllium n i t r a t e~f errocyanide 
reac t ion . No doubt an i n i t i a l increase in pH was observed 
in th i s case a l so , but af ter a c e r t a i n l imi t i t began to 
decrease ( p . I l l , Fig. 74). The influence of the pH of the 
medium as well as that of the temperature was, however, the 
same as in the beryllium ni t ra te-potass ium ferrocyanide 
reac t ion . 
- ( 2 0 9 ) -
In c o n t r a s t to t h e blue colour appear ing in t h e case 
of be ry l l ium fe r rocyan ide r e a c t i o n , he re the colour i^^s 
g r e e n i s h brown. This f a c t i n d i c a t e d t h a t t he decomposit ion 
of potassium f e r r i c y a n i d e took p l a c e in presence of B e ( i i ) 
ions and t h a t f e r r i c - f e r r i c y a n i d e Fe(FeCy£^), green i n colour 
was formed in the r e a c t i o n mix tu r e . The development of the 
g r een i sh brovvn colour did n o t , however, he lp i n de termining 
t h e order of the r e a c t i o n . However, by analogy, the fo l lowing 
mffecfeanism might be sugges ted . 
( i ) FeGy.^3- + H^O - ^ (PeGy^.HgO)^-^- GN"" 
( i i ) CN" + H^O = '• OH" + HCN 
( i i i ) (FeGy^.H^O)^" + OH" ~~- - ^ (FeCy^. OH) ^'" + H^O 
( iv) (FeGy^^OH)^- + Be^"" -^  - ^ (Be(FeCy5,0H))'" 
(v) (Be{Feey5.0H))~ + K^ - ^ - ^ ~ . . ..MUBeCFeGy^.OH)). 
Potassium ferrocyanide-nitrosobenzene reaction 
wit^, and without the presence of7 Be : 
The reaction between potassium ferrocyanide and 
nitrosobenzene was greatly catalysed by beryllium ions. 
The catalytic effect was followed by spectrophotometric 
measurements of the violet complex (FeCyc«pHNO) • "^ e^ 
catalytic action related to the dissociation of FeGy.-^ "* 
•J 
to (FeCy^.HgO)^'" and the substitution of H2O molecule by a 
molecule of PhNO. 
- (210)-
o 
I t was found that the presence of Be ion in very 
small quant i t ies was su f f i c ien t to develop the v io le t colour, 
whose in t ens i ty increased with time (p. 121 Fig . 77). The 
redaction was found to be dependent on the concentration of 
Be ions ( p,121 Fig. 78) and also upon the concentrations 
of nitrosohenzene and potassium ferrocyanide (p.120 Figs , 75 & 76) 
The r a t e of formation of the v io le t product was also found 
to be dependent upon the pH of the medium. I t was highest when 
the pH of the mixture was adjusted between 3.5 to 3,6 (p.124 
Fig, S2)* However, for the uncatalysed reac t ion , the pH at 
v/hich the react ion a t ta ined maximum speed was found to be 4. S 
(p„124 Fig. 81). Furthermore, the reac t ion p rac t i ca l l y stopped 
in the higher pH range. At higher temperatures, the equilibrium 
was a t ta ined more quickly (p. 122 and 123, Figs , 79 Sc 8o) . The 
reac t ion was also found to become slow in the presence of the 
neutral s a l t s (p.125,126, Fig. 83 to 85) . 
The k inet ics of the react ion between nitrosobenzene and 
potassium ferrocyanide with and without the presence of beryllium 
ions was s tudied. I t was found that both the react ions were of 
the second order (p. 127 & 128, Tables 78 & 79) with the only 
difference tha t the K values were much higher for the react ion 
2+ carr ied out in presence of Be than without i t . This fact also 
- ( 2 1 1 ) . 
showed t h a t t h e r e a c t i o n between n i t rosobenzene and potassium 
fe r rocyan ide was ca t a ly sed by b e r y l l i u m i o n s . 
On t h e b a s i s of what has beon sa id above, t h e fo l lowing 
mechanism may be proposed:~ 
.'^* _.. i?^nT.A-=- V .'TT^'^.,, u n \ 3 - . 
"2° ( i ) Be/" + FeCy^^"" ^- ^-^^.—N (FeGy^,H20)^''+(BeGy^)'' 
(ii)(FeGy^.H20)^*'+ PhNO . ; — — — (FeCy^.PhNO) H H^O 
t h e i n t e r m e d i a t e produce BeCy with hydrogen ion 
r e g e n e r a t e s a bery l l ium i o n as 
( i i i ) BeGy^* + H* = Be^ "*" + HON 
4« Kinetics of the decomposition of potassium 
molybHpcyan'pfe"by'T^ !^ (i"iiJ and chemical analysis 
of chromic molyb^ocyanide; 
Experimental results revealed that the reaction between 
Cr(iii) and potassium molybdocyanide showed resemblance with 
that of the ferrocyanide reaction, the only point of difference 
being that it did not proceed to completion at the room 
tenperature. The results of spectrophotometric studies may 
be summarised as follows? 
(i) pH Specificity- the rate of the reaction was maximum 
at pH 4.5. It became slow below this pH and coming 
to a stop above it (p. 154 to I56, Figs. 97 to 101) 
(ii) An increase in pH of the reaction mixtures was 
observed during the course of the reaction (p.157 
-(2i2;i-
( i i i ) The r e a c t i o n was h igh ly temperature dependent , t h e 
t ime of completion being cons iderab ly reduced at 
h igher temperatures ( p,146 t o 153, F i g s . 86 t o 9 6 ) . 
( iv) The r e a c t i o n between chromic c h l o r i d e and potass ium 
molybdocyanide was found to be second order one 
(p . I5S Table U). 
The development of red colour accompanied by an i n c r e a s e 
in pH ©s well as an a p p r e c i a b l e r i s e i n the r a t e of t h e r e a c t i o n 
lend support t o t h e view po in t t h a t t h e decomposi t ion of 
potass ium molybdocyanide takes p l a c e in t h e p resence of C r ( i i i ) 
ions* The chromic c h l o r i d e potass ium molybdocyanide r e a c t i o n 
Could be r e p r e s e n t e d as f o l l o w s : -
( i ) MoCyg^" . H^O ^ z = ± (MoGy^.HgO)^- . G N ' 
( i i ) CN" 4 H^O = OH- + HGN 
C i i i ) (NoCy^.H^O)^"- + OH"" ^--^—^.^^ (JfcGy^.OH)^*" + H^O 
( iv) (MoCy^,OH)^"+Gr^ . ^ — ~ (GrMoGy^ 0H)~ 
For determining the conposition of the chromic molybdocyanic 
Complex, the reactants (0,1M each) were mixed in the ratio, 
Gr-^ "*'/MoGyg^ '" as 1:1. The soluble complex, thus obtained, was 
crystallised by alcohol, dried and then subjected to chemical 
analysis. The composition was found to be K Gr(I'fc(GN) H20);2H 0, 
{p. 165 Table 20). 
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5. Goulometric study of Be( i i ) - ferrocyanide 
and Mo(vi)-ferrocvanide; 
(a) Beryllium ferrocyanide; 
The coulometric t i t r a t i o n of Be(i i ) with f e r r o -
cyanide ions , generated by the reduction of potassium 
ferr icyanide solut ion at the platinum cathode revealed 
the following in t e r e s t i ng f a c t s : 
( i ) The in f l ec t ion point becomes sharper when the concen-
t r a t ed solut ions of Be( i i ) were taken (p . l7S-lS2, 
Figs. 103-108). 
( i i ) The r e a l i s a t i o n of the sharp inf lec t ion point was not 
only dependent upon the concentration of the metal ions 
but also on the magnitude of the Current. I t was, 
thus, found that the in f l ec t ion point became sharper 
with the increase in the time of e l e c t r o l y s i s . 
( i i i ) The effect of pH on the nature of the t i t r a t i o n 
curve was ra ther i n t e r e s t i n g . The inf lec t ion points 
obtained in pH between 1 to 4, corresponded to the fo r -
mation of the white product Be^FeCy^ (p,183,Fig, 109) 
slowly assuming a blue colour, while above t h i s pH 
( i . e . 4 , 3 , 5,4 and 6«8) a d i f ferent compound having the 
composition K^Be FeGy^ was found (p. I84 Fig, 110), 
I t may be argued here t ha t the white product was not 
s tab le in the pH range s tudied and the blue one 
(KgBe FeGy^) was the s t ab le va r i e ty . 
~(214)~ 
(b) Mo(vi)>.ferrocyanide reaction; 
The coulometric behaviour of IVb(vi) with ferrocyanide 
ion was somewhat different from the titration discussed 
above. A brown product (probably I%(vi)-ferrocyanide) was 
obtained when a solution of molybdic acid was added to the 
Concentrated solution (0,5M) of potassium ferricyanide 
(probably due to the presence of some impurities like 
potassium ferrocyanide or decomposition products of the 
compound itself). However, on using triple crystallised 
sample of potassium ferriq/'anide and employing dilute 
solution (O.IM) this effect could be largely minimised. 
Unlike the beryllium nitrate potassium ferrocyanide 
reaction, the variations in pH did not change the composi-
tion of the complex. The composition came out to be 
VT 
Mo -^  0 FeGy^ (p. I9O Table I6). 
The following stoichiometric relation was proposed 
to hold good; 
H^Mb 0^ + H^ FeOy^ = (MoO) FeCy^ + 3 H2O. 
-oOo-
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ABSTRACT 
Mo (VI) ferroeyanide sol of concenlration upto 2 gm/litre was obiained by mixing tbe reactants 
in the molar ratio. Mo (VI): feCya "4, 5:3. Tbe same compound was obtained in the form of a gei by 
adding an excess of a highly concentrated solution of potassium ferrocyanide to a conceouated solution 
of molybdic acid with constant stirring. Tbe resulting mixture set into a gel after about 48 hours. 
Several properties, studied during the sol-gel transformation revealed that the surface tension showed a 
continuous iocrease, while the pH remained almost constant for about 90 hours, after which there was 
a marked decrease in the surface tension and an increase in pH. Viscosity also showed an abnormal 
rise after more or less the same period. Conductivity variations were too small to give results of any 
value. 
The composition and properties of molybdenum ferrocyanide have not yet 
been fully investigated. Experiments performed in these laboratories had shown 
that Mo(_VI) with potassium ferrocyanide gives both soluble and insoluble 
compounds, their formation depending on the concentration of the reactants as well 
as the pH. of the mediutn. Thus it was found that at ordinary concentration of the 
reactants in the pH range 2'9 to 3 8 , a dark brown precipitate is obtained while 
in the pH range 4-0 to 5*2 a soluble complex is formed. It was also found that the 
interaction of the dilute solutions of the reactants (approx. M/SOO) resulted in the 
formation of a soluole complex (reddish brown in colour) of the composition* 
(Mo02)gFeGy8 (employing. Job's and limiting ratio methods) with an average value 
of i := l -55x l0* . 
The problem of the existence of soluble metal ferrocyanogen complexes 
ajppears to be a controversial'one. Compoundj like Prussian and TurnbuU's blues, 
chromic ferro- and ferricyanides**, beryllium ferrocyanide^, although show sem-
blance to many soluble complexes, their properties, especially the tendency to pass 
readily into colloidal state, leave some doubt regarding their true character. It 
was, therefore, thought worthwhile to. carry out investigations on the colloidal 
behaviour of auch compounds. The present communication deals with some aspect 
of the sol-gel transformation in moiybdeuum ferrocyanide. 
EXPERIMENTAL 
Solutions : ' 
Molybdic acid solution was prepared by dissolving about 45-0 gtns f ^^olybdiG 
ac id(A.R. ; in cone. HGl (free from iron) and making upto ^OOcc with doubly 
distilled water. Its strength was determined by, precipitating as PbMoO*. and was 
found to be 0-6985M. • , 
1-429 1 
Potassium ferrocyanide solution was prepared by dissolving 195'0 gms. of 
recrystallised sample in conductivity water and making up to 500 cc. The solution 
wa? stored in dark bottles to avoid decomposition^ by sunlight. The strength was 
determined volumetrically against potassium permanganate of • known sVength. .'Jt 
was found to be 0*875M. 
Molybdenum ferrocyanide sol; 
Assuming that the reaction between Mo(yi) and K^FeCy, takes placi? 
according to the'Equation : ^ •• " i . -
2 H,Mo04 + K,FcCe = (MoOa)8FeCy,+4 KOH, 
the molar ratio of Mo<VI) : FeCyg would be 2:1, for the completion of the reaction. 
Attempts to prepare sols of even very low concentrations failed, when the reactants 
were mixed in this staichiometric ratio. IVlary other combining ratios were then 
tried and it was finally found that a fairly stable sol of concentration upto 2 gms. 
per litre could be obtained by mixing the reactants in the molar ratio 5:3. Thus 
for preparing a sol of cone. 1 gm per litre, 6* 12 cc. of 0-6985 M H2M0O4. and 3-1:4 
cc. of 0'b75 M K4FeCv8 were taken in separate vessels and diluted with doubly 
distilled water. Molybdic acid solution was then gradually added to potassium 
ferrocyanide solution with constant stirring. The volume was made upto 1000 cc; 
The resulting sol, dark red in colour was fairly stable and could be centri-
fuged without leaving any sedimentation. Sol of cone. 2 g.Tis/litre was, however, 
not found to be so stable. 
Prolonged dialysis of the sol destroyed its colloidal state. Even a dialysis 
period of four to five hours made the sol unstable. Addition of electrolytes to the 
sol dialyed for one hour resulted in clear separation of the layer between the two 
phases. Electrophoretic tube showed that the sol was negatively charged (electrode 
used were of platinum and a voltage of 140 volts D. G. was applied to them;. 
Sol-gel transformation in molybdenum ferrocyanide :• 
The usual methods, w'^ ., those of evaporating or heating the given sol at a 
particular temperature, addition of appropriate amount of the electrolyte to the 
sol, or its prolonged dialysis, could not give the desired results with molybdenum 
ferrocyanide sol of strength upto 2"0 gms per litre. Mixing of the concentrated 
solution of the reactants followed by vigrorous shaking of the resulting mixture fa 
method employed by us in preparing Prussian and TurnbuUs blues sols') also failed 
in this case. After many trials, extending for several days we reached the following 
conclusion regarding the transformation of molybdenum ferrocyanide sol to. a gel r 
(t) concentrations of the reactants, ranging between 01M to 0'5M, gave sols wjiich 
coagulate in an hour to a few minutes (it) with even large excess of potassium 
ferrocyanide, the concentration range given under (i) resulted in sols which 
did not transform into gel, instead a gelatinous precipitate was obtained, (Hi) 
with very concentrated solutions, keeping the molar ratio near about 1:6 (MoQ/I);. 
FeCvg*") which would chang e into a gel . could be obtained, uhde'r special 
cenditions. The method followed was as under : 
To 4"cc. of 0 6985 M H^ 0O4 (taken in a dry beaker) a875M KiFeCyg. was 
added dropwise from a burette. After the addition of each drop the resulting 
precipitate was rubbed vigorously for about ten minutes by means of glass rod. 
After the addition of about 20 cc. of potassium ferrocyanidc in this way, it was 
possible to get a concentrated sol which would set to a gclin about two days. 
Unlike other metal ferrocyaoide gels, it showed marked thixotropic properties. 
It was thus found that on shaking the gel for about thirty-minutes it changed into 
a sol, which when left at room temperature got reconverted into a gel in about two 
bours. 
Technique mployedfor itudying gelations j 
Variations in surface tensions during the transformation of the aol into gel were 
measured by means of Du Nouy apparatus. Conductivity measurements were 
carried out by an improvised Wheatstone bridge with a spread of 509 cms manganin 
wire (direct reading conductivity bridges failed to give reliablie results with high 
conductance solution as employed here.) pH measurements during gelation were 
carried out by the help of Beckman pH meter Model H-2, Viscometric measure-
ments were carried by means of Kopper's viscometer (constant pressure viscometer, 
or Scarpe's method using Ostwald viscometer failed to give satisfactory results.) 
The viscometer was connected to the vacuum reservoir aud the stop cock opened. 
The time of rise between two predetermined points on the capillary was noted when 
carrying out a particular measurement. In this case points at 4 and 12 cms were 
selected (for materials of higher viscosity 2 and 4 cms, points in the capillary are 
taken). Sols A, B and C, prepared by mixing 40 cc. of- 0'875M K4FeGy, with S'O 
cc. 8*8 cc. and 9 6 cc. of0'6985M H,Mo04 respectively were used in these investi-
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DISCUSSION 
Gel; formation, in the case of,molybdenum ferrocyanidc, could not be realised 
by using any, of the conventional methods used for obtaining inorganic gels. Even; 
the method of mixing concentrated solutions (a modified rpethod of von Weimarn's) 
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Fig. 2.—Variation of pH with time 
during gelation. 
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Fier. 3.—Variation of viscosity with time during 
Gelation. 
i m ] 
of tiie reactants, as followed in the case o\ Iron blues {loc. tit.) and ehromic, ferrocya. 
nide' failed here. Considering van Weiraarn's equation, it can be ' seen that the 
degree of dispersity, can be made large either by increasing P (degree or supersat-
uration) or £ (the solubility). Sinee an increase in P (highly concentrated solutions 
being used in this case) results in the formation of gelatinous precipitate rather 
than a gel, the only other factor which could bring about ?in increase in she value 
of Si and a consequent transformation of the sol into gel, can be L. It appears that 
with time the value of L slowly decreases and it is only after many hours that L 
adjusts itself in such a way that optimum condition for gel formation are well 
realised. Such a behaviour is not unlikely because it is^  a known fact that many 
freshly precipitated substances show a marked decrease in solability on ageing. 
The variations in surface tension during gelation (Fig. 1) show a continuous 
increase for about 90 hours, after which a marked decrease-is observed. Such changes 
may be explained by assuming that in the early stage of transformation of the sol 
into the gel, the KOH obtained as the product of interaction as well as that of the 
decomposition of potassium ferrocyanide : 
K jFeCye^^ KjFeCyj. HjO + KOH 
is gradually being entrenched by the developing gel structure. Only when gel 
formation has been completed (about 90 hours in the case of sol C) that the free 
base is available in the whole bulk, bringing about a sudden fall in the surface 
tension. . 
Results on the variations in surface tension find support in the pH measure-
ments. From Fig. 2 it can be seen that for about ninety hours the changes in pH 
are very small (3'7 to 4*0) but later on there is a marked increase in pH, the change 
being equal to TO unit in about twenty five hours. 
Molybdenum forrocyanide sols show marked variations in viscosity during 
gelation. From fig. 3 it is evident that only after about sixty hours that a gradual 
increase in viscosity (after the initial decrease) could be observed. This variation 
is, however, followed by a marked increase in viscosity after about 80 to 90 hours. 
The time after which the rapid increase in viscosity takes place may be taken as 
the tinae of gelation. The sudden increase in viscosity points towards a definite 
change from the sol state to that of the gel as has been observed by us while carrying 
out investigation on Iron blues, chromic ferrocyanide {loc. eit.) and tungstatc gels.* 
The only dissimilarity which has been observed here is that the decrease in viscosity 
is quite marked in the initial stages which is not the case in other inorganic gel 
forming mixtures. Furthermore, it is rather interesting to find that a sudden varia* 
tion in any of the physical properties studied, viz-, surface tension, pH and viscosity 
takes place more or less after the same lapse of time, thereby showing that it can 
be taken as the measure of the time of gelation for the gel under consideration. 
Of all the physical properties studied, variations in conductance were the 
least. In fact the conductivity remains almost constant throughout the process. 
These observations show that molybdenum ferrocyanide sol contains systems of 
capillary spaces filled with unchanged solvent.' 
The time of setting of the gel for the three sols studies were 4 hours, 3 hours 
and 2 hours respectively. Those were determined by Fleming's method" by 
allowing the gel to set after its structure had been disturbed on vigorous shaking. 
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"Studies on the interactlQn of Cr^ ( i l i ) with a l k a l i 
metal cyano-fer ra te! I l l and cvanomolvbdate^ 
Spectrophotometric and pH metric s tudies on the 
decomposition of potassium cyano-ferrat'eTllT sn^ 
cyanomolvbdate. 
Unlike most of the heavy metal ions G r ( i i i ) reac ts with 
potassium cyano-ferrate(II) and cyanomolybdate to give soluble 
Complexes(Prabably col lo idal p rec ip i t a t e s ) varying from grey 
brown to reddish brown in colour, depending upon the conc t i t r a -
t ions of the reac tan t s used. Invest igat ions on the composition 
(using spectrophotometric and electrometric methods) and colloida] 
behaviour of these complexes were f i r s t of a l l xondertaken in 
these Ipbora tor ies , On i so la t ing chromitim(iii) cyano-f err ate (II) 
and subjecting i t to chemical ana lys i s , i t was found tha t f ive 
cyanide groups are associated with the compound instead of usual 
s i x . Moreover, the react ions were found to be qui te slov/ a t the 
ordinary temperatures, and took some time for the development of 
Colours, These observations led us to believe that the chromium 
( i i i ) in some way brought about the decomposition of potassium 
cyano-ferra te(I I ) and cyanomolybdate along with the formation of 
the complexes. Spectrophotometric and pH metric studies on th i s 
aspect were, there fore , taken up to elucidate t h i s po in t . 
The react ion between chromium(iii) chloride and potassium 
cyano*-ferrate(II) was found to be highly specif ic as regards the 
pH of the reac t ion mixture. Thus i t was observed tha t the speed 
of the reac t ion was maximum at pH 4 . 5 , At pHs below 4.5 the 
react ion became very slow while in the higher range i t p rac t i ca l ly 
stopped. On the other hand, the reac t ion between chromium(iii) 
chloride and potassium cyanomolybdate proceeded with appreciable 
velocity within a wider pH range (2.9 to 4 ,5 ) , 
Variations in op t i ca l density (irsasured by Hi lger ' s Spekkejr 
Absorptiometer, c e l l 0.5 cm; F i l t e r No.l) with time were measured 
at different temper-^tures (in the case of potassiun cyano-ferrate 
( I I ) a t 20'^, 30°s 40°, 50° and in case of potassium cyanomolybdate 
at 40°, 50°, and 60°) varying amounts (0.5 to 3.0 ml, of O.IM and 
O.OlM) of chromic chloride being added to a fixed amount of 
- ( 2 ) -
potassium c y a n o - f e r r a t e ( I I ) and cyanomolybdate (5 ml, of O.IM 
and 0 .01 M) and v i c e - v e r s a . The r e a c t i o n s were s t ud i ed a t 
d i f f e r e n t pH v a l u e s . Typica l curves a re given i n F igs . 1 and 2 , 
Va r i a t i ons i n pH v,'ith t ime of the above mixture were a l s o s t u d i e d 
and i t was found t h a t t h e pH con t inous ly inc reased during t h e 
Course of t h e r e a c t i o n . 
The fo l lowing mechanism could be sugges ted on the ba s i s of 
t h e exper imental r e s u l t s : 
H n 
( i ) Gr^ "^" + FeCy^^*" ~1—^ (FeGy^.HgQ) ^" + Or{Gh])^* 
( i i ) (FeGy^.H^O)^"^ Gr^"'«-»2s-«== CrCFeGy^.HgO) 
Since r e s u l t s of the chemical an. a l y s i s of chromium 
c y a n o f e r r a t e ( I I ) show t h a t t h e r e a re f i v e cyanide groups i n s t e a d 
of s i x in the complex, r e a c t i o n s proposed above may be taken 
as the most p robab le ones . Pfcreover, from the n a t u r e of t h e 
curves (as observed by v a r i a t i o n in o p t i c a l dens i ty ) an a u t o -
c a t a l y t i c behaviour i s i n d i c a t e d and hence the p o s s i b i l i t y of 
t h e f o l l o m n g r e a c t i o n s could a l s o be envisaged. 
( i i i ) Gr(GN)'"' + 2FeGy^^- - — i — A 2 (FeCy^.H20)^*"+Cr (GN) ^ 
( iv) Gr(CM) + 2 H^G = Gr(GN)^*^ + 2HGN + 20H'" 
As s t a t e d the pH of t h e r e a c t i o n mixture i n c r e a s e s vd.th timi 
and hence r e a c t i o n ( iv) i s t h e one most l i k e l y t o occur . I n 
a d d i t i o n , the f a c t t h a t t h e r e a c t i o n s tops in higher pH range alS( 
gives suppor t to the above mechanism. 
For t h e chromium(i i i ) c h l o r i d e and potassium cyanomolybdate 
mixture a s i m i l a r mechanism can be proposed and compounds l i k e 
(JVbCy^.H^O)^" and GrdfoGy H^O) should e x i s t . 
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